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PRACTICAL HYDRAULICS. 

The Control of Water as Applied to Irrigation, 
Power and Town Water Supply Purposes. 
P, A. M. Parker. Pp. vii+1055. (London: 
G. Routledge & Sons, Ltd., 1913.) Price 21s. 
net. 

HIS comprehensive and authoritative work 
contains a wealth of matter relating to prac- 

tical hydraulics which one might seek in vain for in 
any other published book on the subject. In the 
preface the author tells us that the book is the 
product of actual engineering experience, and is 
mainly based on a collection of notes and formule 
accumulated in some eighteen years of profes- 
sional work, during the major portion of which 
he was engaged in independent practice, and that 
therefore it must be regarded not as a text-book, 
but rather as a manual for engineers in active 
work. He also remarks that, “although the initial 


knowledge assumed in the reader may be con- | 


sidered to be somewhat unusual, many portions of 
the book have stood the test of everyday office re- 
quirements in the hands of draughtsmen and 
assistants.” And it is only fair to say that an 
examination of the work is entirely favourable 
to the author on these points, although, of course, 
in a work covering such a wide field, here and 
there are matters of a controversial character, 
which might be dealt with if the exigencies of 
space permitted. 


The book contains the following chapters, 


By | 


| and the author was wise in confining himself to 
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of the chapter, one looks in vain for any discussions 
on the piston-pump and Humphrey’s pumps, the 
most important of all hydraulic machines. How- 
ever, the hydraulic engineer has other books avail- 
able in which these machines are fully dealt with, 


matters that do not so completely come within the 
province of the mechanical engineer. 

Chapter vii., dams and reservoirs, is one of the 
best in the book; the 130 pages devoted to this 
important section will be appreciated by both de- 
signers and engineering students. A valuable 
feature of the work is that each chapter is pre- 
faced by a list of its own symbols and a sequential 
table of an extremely useful character, and many 
of the chapters have also a summary of the equa- 
tions and formule. The mathematics used in this 
lucid and most readable work are fairly easy, cer- 
tainly to those accustomed to read works on 
hydraulics. 

Another exceedingly valuable feature is the bib- 
liography, as the book teems with references to 
original authorities; indeed, it is a standing 
testimonial to the author’s patient and untiring 
labours. He is to be congratulated upon producing 
a work that will in all probability rank as high in 


| connection with applied hydralics as Bellasis’s 


work on hydraulics does in connection with 
theoretical questions; in fact, Mr. Parker’s ency- 


| clopeedic work is the most notable book of the kind 


namely : i., preliminary data; ii., general theory of | 


hydraulics; iii., gauging of streams and rivers; 
iv., gauging by weirs; v., discharge of orifices; 
vi., collection of water and flood discharge; vii., 
dams and reservoirs; viii., pipes; ix., 


open | 


channels; x., filtration and purification of water; | 


xi., problems connected with town water supply; 
Xi, irrigation ; xiii., movable dams; xiv., hydraulic 
machinery other than turbines; xv., turbines and 
centrifugal pumps; xvi., concrete, ironwork, and 
allied hydraulic construction; (a) t&bles; (b) 
graphic diagrams. But these headings scarcely 
give an adequate idea of the scope of the book, as 
some of the chapters are divided into important 
sections. For instance, in chapter xiv. we have: 
section A, enlargements and contractions in pipes; 
section B, water hammer; section C, ejectors and 
syphons; section D, air lift and hydraulic com- 
pressor; section E, hydraulic ram; section F, 
resistance to motion of solid bodies in water; sec- 
tion G, impact of water on moving bodies. All 
of these are important subdivisions, and they 
appear to be handled in an entirely satisfactory 
and convincing way ; but having regard to the title 
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| preparation. 


that has appeared for many years, and it will 
probably become a classic. 


SPHERICAL ASTRONOMY. 
Lehrbuch der sphdrischen Astronomie. 
L. de Ball. Pp. xv+387. (Leipzig: 
Engelmann, 1912.) Price 20 marks. 
R. L. DE BALL’S excellent treatise shows 
abundant evidence of a long and careful 
From the nature of the subject 
striking innovations are not to be expected; it is 
rather in the minute details of the exposition that 
the merit of the present work is found. In some 


By Dr. 
W. 


| places the mathematical treatment has been simpli- 
| flied, in others the discussion has been made more 


rigorous and thorough. The author’s long experi- 


| ence as a practical astronomer has led to improve- 
| ments in all parts of the subject, little in them- 
| selves, but when taken together making a notable 


| advance. 


According to the introduction, the book 


| is intended to be both a text-book for students 


and a work of reference; it is in the latter respect 
that we commend it. Spherical astronomy is a 
rather heterogeneous collection of but distantly 
related problems, and a minute treatment of 
isolated questions, many of which are only re- 
quired in special researches and have no general 
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interest, makes a very unsuitable course of read- 
ine for the student. But for those who are 
seeking specially full information on any of the 
subjects dealt with, this work will prove a very 
useful aid. 

The introductory chapters deal very concisely 
with interpolation formulz, the chief developments 
in series, and the method of least squares (with- 
out any account of the error-function). A long 
chapter deals with the theory of the earth’s 
rotation. This part is rather hard reading, owing 
to the great number of symbols introduced. It 
would, we think, have been worth while to set 
out the definition of each symbol on a separate 
line, in order that it might be more readily re- 
ferred to; for the reader can scarcely carry in 
his head the meaning of all the symbols, and their 
definitions are scattered through a great many 
pages of the text. Another long chapter deals 


with refraction, and includes a discussion of the | 


effect of water-vapour on the constant of refrac- 
tion. The treatment of the great problems of 
fundamental astronomy, the determination of the 
equinox, the obliquity of the ecliptic, and the con- 
struction of a fundamental catalogue is most 
thorough and satisfactory. In the chapter on 
parallax it may be noted that the correction to 
the ellipticity of the earth is included as an un- 
known in the determination of the moon’s parallax ; 
this small illustration shows the author’s practical 
acquaintance with his subject, for the two quan- 
tities are so closely related that it is not improbable 
that the best determination of the figure of the 
earth may ultimately be obtained from lunar 
observations. 

We would strongly criticise the absence of all 


reference to the theory of photographic observa- | 


tions. Thus, whilst the effect of precession, 
parallax, aberration, and refraction on micrometer 


measures is fully discussed, the formule relating 
to their effect on photographic measures are | 


ignored. The theory of the projection of the 
celestial sphere on a photographic plate is 
eminently a branch of spherical astronomy, and 
at the present day it is most constantly required 
by practical astronomers, yet the text-books per- 
sist in devoting their whole attention to the 
obsolescent position angle and distance, instead 
of to rectangular coordinates. Such an omission 
is misleading to the student, and it is a defect in 
a work of reference for the observatory. Much 
of geometrical astronomy consists in a perfunctory 
application of three formulz of spherical trigono- 


metry; but the theory of rectangular coordinates | 


is a more difficult subject, and the observer could 
not generally work out for himself the necessary 
formule without guidance. A. &. &. 
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| RECENT BOTANICAL PUBLICATIONS. 

| (1) An Introduction to Plant Geography. By Dr. 

| M. E. Hardy. Pp. 192+66 figures. (Oxford: 

| Clarendon Press, 1913.) Price 2s. 6d. 

(2) The Living Plant: A Description and Inter- 

| pretation of Its Functions and Structure. By 

| Prof. W. F. Ganong. Pp. xii+ 478+ 178 figures. 
| (London: Constable and Co., Ltd. ; New York : 
| Henry Holt and Co., 1913.) Price 15s. net. 

(3) Flowerless Plants: How and Where they 
Grow. By S. Leonard Bastin. Pp. xi+152+ 
64 plates. (London Cassell and Co., Ltd., 
1913.) Price 6s. net. 

(4) School and Home Gardens. By W. H. D. 
Meier. Pp. iv+319+159 figures. (Boston and 
London: Ginn and Co., n.d.) Price 4s. 

(5) Agronomy: A Course in Practical Gardening 
| jor High Schools. By W. N. Clute. Pp. xvi- 
296+ 195 figures. (Boston and London. Ginn 
and Co., n.d.) Price 4s. 6d. 
| (6) Das botanische Praktikum. Finfte Auflage. 

By the late Dr. E. Strasburger and Dr. M. 

Koernicke. Pp. xxvi+ 860+ 246 figures. (Jena: 

Gustav Fischer, 1913.) Price 24 marks. 

(7) Paléobotanisches Praktikum. By Prof. H. 
Potonié and Dr. W. Gothan. Pp. vili+ 152+ 
14 figures. (Berlin: Gebriider Borntraeger, 
1913.) Price 4 marks. 

(8) Die palaeobotanische Literatur. By W. J. 
Jongmans. Dritter Band: Die  Erschein- 
ungen der Jahre 1910 und 1911 und Nachtrage 
fiir 1909. Pp. 569. (Jena: Gustav Fischer, 
1913.) Price 26 marks. 

(9) Icones of the Plants of Formosa, and Materials 

| for a Flora of the Island, based ona Study of 

| the Collections of the Botanical Survey of the 

Government of Formosa. By B. Hayata. 

Fasc. ii. Pp. 156+ 40 plates. (Taihoku: 

Bureau of Productive Industries, 1912.) 

(1) HE compiler of this introduction to plant 

geography appears to be somewhat 
| out of touch with the modern development of the 
| subject from the ecological point of view. The 


| work is apparently intended for school use, but 
/one would have thought that the best method of 
| approach would be to deal at some length with 
| the conditions of plant life in general, instead of 
| devoting to this subject only twenty pages towards 
| the end of the book as the author has done, and 
to lay stress on the idea of plant communities 
| rather than to plunge, after a brief glance at a 
few types of British vegetation, into the descrip- 
tions of the “main vegetations of the globe,” 
which form the greater part of the book. How- 
ever, these descriptions, though extremely con- 
| densed, are thoroughly readable and vivid, but 
| it is very doubtful whether the author’s method of 


a 
2 
— = 
He 
our 
4, 
‘ 
1 
1 
I 
t 
] 
‘ 
f 
I 
1 
ker 
\ 
TP 


Aucust 28, 1913] 


treatment is calculated to give the subject of plant 
geography much educational value in a school 
curriculum. Many of the illustrations are ex- 
tremely poor. However, we may perhaps hope 
for a more adequate and better illustrated treat- 
ment of the subject in the more advanced book 
promised in the preface. 

(2) Prof. Ganong has already laid students and 
teachers of botany under a debt of gratitude for 
his valuable and helpful manuals, and in the 
present work he has produced an attractive and 
stimulating volume which every botanical teacher 
would do well to obtain. It presents the clearest 
and most. complete picture of plant life that has 
appeared for many years, and should do much 
to popularise the study of plants among that 
increasing class of readers whose needs are met 
neither by the standard text-books intended pri- 
marily for college students, nor by the unfortu- 
nately too common type of “ popular ” botany book 
the appeal of which is made by means of coloured 
plates with incidental letterpress, concerning the 
character of which the less said the better. 
Prof. Ganong combines in a particularly happy 
manner scientific accuracy, clearness of exposi- 
tion, and literary style, such as make this book 
delivhtful reading, whether he is dealing with the 
deeper problems of physiology or with the most 
familiar aspects of plant life. The work is 
marked throughout by freshness and originality 
of treatment, and the diagrams and generalised 
drawings which he gives so freely will be of the 
greatest value to teachers of botany, apart from 
their primary object of enabling the “general 
reader” to understand the descriptions which they 
illustrate. 

(3) Mr. Bastin has produced a_ thoroughly 
attractive and interesting work, well designed to 
serve as a first introduction to the study of the 
flowerless plants, with the aid of the more detailed 
books on the various groups. Unlike some other 
writers of popular nature-study books, the author 
aims solely at arousing the reader’s interest by 
means of excellent photographic illustrations and 
simple but, so far as they go, accurate descrip- 
tions, and takes care to point out that the 
reader of books of this scope will find in the text- 
books of the specialist “the best possible friends, 
incomplete in themselves, but priceless as guides 
to those things which alone can be truly studied 
in the open air.” Nothing could be more different 
from the explicit or implicit claims of various other 
“popular” botanical writers tv have presented a 
full and sufficient treatment of the subject in their 
books. Mr. Bastin’s work is admirably calcu- 


lated to stimulate interest in the hitherto some- 
what neglected groups—from the nature-study 
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point of view—with which he deals, and the reader 
who wishes to proceed to a more detailed study 


| will, at any rate, have nothing to unlearn, though 


one rather wishes that the author had included 
in his excellent work a list of suitable books for 
the further study to which this forms such an 
admirable introduction. 

(4) Mr. Meier’s book, though written primarily 


' for American use, contains scarcely anything that 


will not be found of interest and value to teachers 
of school-gardening in this country, as well as to 
amateur gardeners in general, and this despite 
the fact that the author does not deal with gener- 
alities or with experiments. He has succeeded 
admirably in his attempt to give definite instruc- 
tions for the arrangement, planting, and care uf 
a fairly wide range of plants commonly grown in 
the house and garden, the difficulties met in culti- 
vating each individual plant being considered one 
at a time, and definite directions given for over- 
coming them. 

(5) The second half of Mr. Clute’s book covers 
much the same ground as the work just noticed, 
but its scope is somewhat wider, and the first 
portion constitutes an excellent general introduc- 
tion to botany. Many of the illustrations of 
familiar objects have a fresh appearance, owing 
to the author’s very sparing use of figures copied 
other Nothing could be more 
suitable as a general introduction to botany and 
horticulture than the lessons on soil with which 
the book opens, though this portion might perhaps 
with advantage have been expanded. The teacher 
will find much that is useful in the work, despite 
the fact that American examples and illustrations 


from works. 


are largely used. 

(6) The late Prof. 
“Botanische Praktikum ” 
commendation to teachers and students of botany, 
to whom it is well-nigh indispensable, no other 
single book covering so much ground. In suc- 
cessive editions the book has grown in size until 
in the present one, the fifth, it has become per- 
haps unduly large for convenience in laboratory 


Strasburger’s well-known 
needs no special re- 


use. 


The present edition differs from its predecessors 


| mainly in the addition of a considerable amount of 


new letterpress and illustrations dealing with 
micro-technique, the general plan of the work 
remaining unaltered. It is an open question 
whether there is not rather too much general 
descriptive matter that would be more in place 
in a book intended for the study instead of the 
laboratory; but still, the tacking-on of more or 
passages to the directions for 


has decided advantages. The 


less theoretical 
practical work 


' chief drawback to the plan is that it is somewhat 
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difficult to know where the line should be drawn, 
and that a book of this kind tends to indefinite 
expansion in successive editions; this objection is 
to some extent met by the author’s smaller book, 
the “Kleine botanische Praktikum,” but since the 
student can obtain the necessary theoretical matter 
in the ordinary descriptive text-books, it would 
appear better to limit the scope of a practical 
manual to directions for actual laboratory work. 
The use of the copious index relating to technique 
is facilitated by its being printed on coloured paper 
in this edition, which will be welcomed by teachers 
and students of botanical microscopy as the best 
and most comprehensive treatise on the subject in 
existence. 

(7) This little book opens up what is to a large 
extent a new field, and will be of the utmost value 
to students of geology and plant ccology, as well 
as palwobotany. Despite its small size it ‘con- 
tains an immense amount of skilfully condensed 
information, and is mainly occupied by concise 
and clear directions for the examination of fossil 
and subfossil plant remains in coal, peat, clay, 
&c. The names of Prof. Potonié and Dr. Gothan 
are sufficient guarantee of the excellence of the 
major part of the work, which is concerned with 
the preparation and examination of fossil and sub- 
fossil plant remains generally, but special atten- 
tion may be directed to the excellent section by 
Dr. Stoller dealing with the investigation of 
peat deposits from the ecological and phyto- 
geographical point of view. 

(8) The labour undertaken by Dr. Jongmans 
in compiling an annual bibliography of paleo- 
botanical literature has evidently secured the 
approval and support which it deserved, though 
one may regret the delay in issuing the third 
volume of this work, containing the titles for the 
years 1910 and 1911, with a supplementary list 
of 1909 publications. The mere citation of titles, 
however, forms a small part of the work, occupy- 
ing only forty pages of this volume; the remainder 
(more than 500 pages) is devoted to the indexing 
of the plants dealt with in some 800 
books and papers, a few words being added in 
each case to indicate the general nature of the 
communication made concerning the plant named. 

(9) The original plan of the “Icones Plantarum 
Formosanarum ” was to publish in a long series 
of fascicles, extending over some fifteen years, 
a flora which should contain full descriptions of all 
plants found in Formosa. However, even in the 
first fascicle (1911) this plan had to be altered 
slightly so as not to exceed the grant made by 
the authorities, and accordingly only the new 
species were described, with notes on the others; 
and in the meantime a further reduction of the 
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| grant has unfortunately compelled Dr. Hayata to 
cut out nearly all references to species in this 
second fascicle. Even in this somewhat truncated 
form, the work is of the utmost value; the present 
instalment contains keys to the families, genera, 
and species, an enumeration of Formosan plants 
from Saxifragacee to Dipsacez, with their locali- 
ties and geographical distribution, descriptions o! 
new plants, and forty very fine plates. The total 
number of flowering plant species now known 
from Formosa is a little more than 3000. 
For the interesting conifer Taiwania crypto- 
merioides a diagnosis is given of the male flowers, 
which were first discovered in 1911; in its male 
flowers this genus shows marked general resem- 
blance to Cunninghamia. F. Cavers. 


OUR BOOKSHELF. 


Einfiihrung in die Spektrochemie. By Prof. G. 
Urbain. Uebersetzt von Dr. U. Meyer. Pp. 
vili+213+9 plates. (Dresden and Leipzig: 
Theodor Steinkopff, 1913.) Price 9 marks. 


Tuts book is a translation of the French edition 
which has already been reviewed in these columns. 
It is based on a course of spectroscopy given by 
the author at the Sorbonne, and will be found use- 
ful in this country to colleges taking a short 
course in the subject for advanced students. 

The book contains an excellent and up-to-date 
account of the various methods used in the pro- 
duction of spectra. The descriptions of the 
methods employed are very clear and well illus- 
trated with diagrams, and contain many laboratory 
details necessary to know in order to repeat the 
methods with facility, but which are generally 
omitted from text-books. 

Following this, which occupies nearly half the 
book, are chapters on phosphorescence and absorp- 
tion spectra. A final chapter is devoted to the 
analysis of spectra into series and the laws of 
series, in which the chief facts of the subject are 
clearly set forth. 


A Galla-English, English-Galla Dictionary. Col- 
lected and Compiled by E. C. Foot. (Cam- 
bridge University Press, 1913.) Price 6s. net. 

Tue Gallia are people living in Abyssinia from 

Harrar, on the east, to the Sudan frontier on the 

west, and from Wollo, in the north, down to the 

southern frontier. Some, too, live in British East 

Africa, and a detached tribe to the west of Witu, 

on the north bank of the Tana river. Mr. Foot 

describes them as “a most industrious, pastoral 
and agricultural people, who are also keen 
traders.” 

Mr. Foot has been studying their language since 
he went to Abyssinia first, in 1907, and the volume 
gives the results of his industry. As Sir John 
Harrington says in his introductory note, the 
dictionary should be of service not only in 
Abyssinia, but also on her frontiers with the Sudan, 
Uganda, and East Africa. 
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LETTERS TO THE EDITOR. 


‘The Editor does not hold himself responsible for 

" opinions expressed by his correspondents. Neither 
can he undertake to return, or to correspond with 
the writers of, rejected manuscripts intended for 
this or any other part of Nature. No notice is 
taken of anonymous communications.] 


Radium-D and the Final Product of the Radium 
Disintegration Series. 

A RECENT discussion in the columns of Nature has 
raised the question of the existence of elements 
chemically and spectroscopically identical but differing 
from one another by a few units of atomic weight. 
Should the far-reaching generalisations of Soddy and 
of Fajans prove correct, the chemical elements will 
have to be regarded from an entirely different point 
of view, and the explanation of the periodic nature of 
their properties will have to be sought for in the 
recurrent character of the processes of radio-active 
disintegration. At present, however, some of the 
evidence on which those views are based is at least 
open to question. With the exception of radium, 
niton, and the parent elements—uranium and thorium 
—none of the thirty-four radio-active bodies have been 
isolated, and none of their compounds have been 
obtained in a state approaching purity. Their proper- 
ties have only been inferred from their behaviour 
when mixed with very large amounts, comparatively 
speaking, of known elements, such as lead, thorium, 
and tellurium, and when it has been found impossible 
to alter the proportions of these minute traces of 
radio-active matter by the usual analytical processes, 
chemical identity has been inferred. Even admitting 
the extreme delicacy of radio-active methods of 
analysis, it might be questioned whether much can 
be deduced from the inseparability of such minute 
traces when present along with large amounts of 
closely related elements. More satisfactory evidence 
would be furnished if the chemical properties of an 
equilibrium mixture from a pure radio-active parent 
could be investigated; and since during the last few 
months some direct observations have been made on 
the nature of radium-D and its products it may be of 
interest to give a preliminary account of the investiga- 
tion. 

The source of the radium-D and its products was 
highly purified niton (radium emanation) which four 
years ago had been compressed into fine capillary glass 
tubes, liquefied, and used for the determination of 
the vapour pressures of the gas by Sir William Ramsay 
and myself. Each tube originally contained somewhat 
less than o-2 of a curie of emanation, which, when 
liquefied by pressure, filled a volume of approximately 
1/5000 cub. mm. at the sealed end of the tube. Three 
tubes of the precious material were kindly placed 
at my disposal by Sir William Ramsay. The 
emanation was allowed to decay under pressure, and 
subsequent microscopic examination showed that the 
liquid had transformed itself into a dark-coloured 
deposit of submetallic lustre, resembling somewhat a 
dried colloidal metal, and also into a colourless gas, 
viz. helium. The total mass of the solid deposit was 
hence of the order of 1/1000 milligram, and since it 
had decayed for four years it contained, in addition 
to the equilibrium quantities of radium-E and 
radium-F, about 15 per cent. of radium-G, the end 
point of the series, as well as traces of the branch 
series derived from radium-C,. The tube was only 
weakly radio-active, but when laid on a photographic 
plate the impression produced by the B-radiation of 
radium-E corresponded exactly with the visible dis- 
tribution of the deposit in the tube. By a suitable 


procedure the mercury sealing the open end of the 
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tube was removed as completely as possible, and after 
pumping off the helium pure chlorine was admitted. 
At ordinary temperatures the submetallic deposit re- 
mained unattacked, but on gently warming it was 


; Seen to change completely into a pure white, apparently 


coincided 
deposit. 


| Warming in 


homogeneous, crystalline chloride. On heating in 
vacuo to 220° C., the chloride did not volatilise per- 
ceptibly, and the photographic impression it produced 
with that obtained from the submetallic 
Hence the chlorides of radium-D, -E, and -G 
are not appreciably volatile under these conditions. 

On introducing water into the tube it was seen 
that the crystalline deposit dissolved without decom- 
position, but was only slightly soluble. Even after 
presence of about ten times its own 
volume of water only a small proportion of the total 
solid went into solution. 

The chief object, however, of this experiment was 
to determine whether radium-G, the final product of 
the series, was similar in chemical character to lead, 
and also to find out if radium-D approximated closely 
in behaviour to its longer-lived descendant. That 
radium-G and lead are identical is supported by much 
indirect evidence, though no direct proof has been 
advanced. Now lead is an element which can be 
detected in very minute quantities by the delicate and 
characteristic microscopic test of Behrens, viz. by the 
formation of a characteristically crystalline triple nitrite 
with the nitrites of copper and potassium. The test is 
so delicate that 1/190,000 milligram of lead can be 
detected with certainty if the proper conditions are 


| observed, and, moreover, by determining the number 


| trated extract. 


| was of a deep purple colour. 


and size of the crystals in a drop of known volume 
the amount present can be approximately estimated. 
It was proposed, therefore, to apply the test to a 
known fraction of the radio-active matter in the tube 
and to see whether the amount of triple nitrite formed 
corresponded with radium-G alone or with radium-G+ 
radium-D. The application of the test was compli- 
cated, however, by the discovery that the glass of the 
capillary, and, in fact, soda-glass in general, contained 
about 0-03 per cent. of lead, and that a detectable frac- 
tion of this lead could be dissolved out of the glass 
with nitric acid. By avoiding the use of strong acids and 
simply extracting the glass with water no perceptible 
amount of this element could be found in the concen- 
To be quite certain that no lead from 
the glass could find its way into solution by this 
procedure, the very stringent test was made of extract- 
ing 5 grams of finely powdered glass for some hours 
with water and testing the residue after evaporation to 
dryness. The glass used had at some previous time 
been exposed to the action of radium emanation, and 
No lead was found in 
the extract, though analysis proved its presence in the 
glass. 

' Other sources of error lay in the possible presence 
of lead in the mercury sealing the tube, and in the 
reagents used for the test. No lead could be detected 
in the mercury and the reagents were carefully purified 
beforehand. In order to carry out the test the capillary 
tube containing the radio-active matter was cut into 
two portions, a longer one containing most of the 
solution, and a shorter portion in which the un- 
dissolved crystals remained. The solution in the 
longer portion was allowed to evaporate on a silica 
microscopic slide, and one portion of the drop ob- 
tained was tested for lead by the triple nitrite test 
and another tested with potassium chromate. In 
both cases the presence of lead was indubitablv proved, 
but the quantity present was small. The short end 
containing the crystals was then fractured and the 
fragments extracted with water to which a drop of 
acetic acid had been added. The evaporated extract 
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which left a scarcely visible residue was intensely 
radio-active, and from its solution a minute trace ol 
a dark-coloured sulphide was precipitated by sulphur- 
etted hydrogen. This latter was separated by centri- 
fuging the solution in a capillary tube, dissolved in a 
drop of nitric acid, and tested by the Behrens method. 
The drop yielded a copious crop of triple nitrite 
crystals, and the amount of lead present was estimated 
at 1/4000 milligram. Now in the whole of the dis- 
integration products in the tube only about 1/7000 
milligram of radium-G was contained, and, further, 
only a fraction of the total matter was used for the 
test. Hence it seems probable that radium-G and 
radium-D both form a characteristically crystalline 
triple nitrite identical with that formed by lead. 

An attempt was made to determine what fraction 
of the whole of the matter originally in the tube was 
present in the drop tested, by comparing the A-radia- 
tion of the various portions, but no great trustworthi- 
ness could be placed on the measurements at the time, 


Kilogo ss 


H in K ifegouss. 


since the chloride of radium-E has probably a different 
solubility to the chlorides of D and G. In a few 
months’ time, however, when the 6-radiation of E 
has reached its equilibrium value a repetition of the 
measurements should lead to a definite conclusion. 
Hence, excluding the possibility of undetected sources 
of error, one must conclude that the slow change 
products of the disintegration of niton contain a body 
behaving like lead, and, further, that this body is 
either radium-D alone or a mixture of radium-D and 
radium-G. Thus the investigation, so far as it has 
gone at present, tends further to support the theories 
of Soddy and of Fajans. . WuytLaw-Gray. 
University College, London. 


Anomalous Zeeman Effect in the Satellites of 
Mercury Lines. 


GEHRCKE and Baeyer, Lunelund, and McLennan 
showed that the satellites of some mercury lines are 
separated in a regular manner in weak fields; Gmelin 
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| Zeeman effect, 


| cipal; 
mately a parabola with vertical axis, and that towards 
| the negative side a similar curve with horizontal axis; 
| consequently the change wrought by magnetic field is 


found in the yellow line a satellite tonnes niin 
character. Wendt noticed four characteristic lines in 


| strong fields, but the satellites from which these lines 
| proceed could not be identified. 


Owing to extreme complexity in the distribution oi 
lines when the field strength is increased, we hav 
as yet no continuous observation indicating the posi- 
tion of satellites of mercury lines in different mag- 
netic fields. 

To fill in this gap, we made measurements on the 
satellites of the violet line 4047 and the green lin 
5461, up to the field of 30 kilogauss, and arrived at 
an unexpected result that the satellites show anomalous 
either as regards intensity or the 
mode of separation, and in nearly all cases both 
combined. 

The instrument used was an echelon grating, but 
it was sometimes crossed with a Fabry-Perot air plat: 
or a Lummer-Gehrcke plane-parallel plate to eliminate 
the false lines. From a large number of photographs 


H in K ifogauss. 


of transverse effects obtained in different fields, which 
were mostly uniform but sometimes heterogeneous, 
the positions of the satellites were plotted and traced 
into continuous curves; these are given in the accom- 


| panying figures, for components vibrating parallel and 
| perpendicular to the field. The branches of the prin- 
| cipal lines are indicated by P, and shaded to show the 
| actual breadth; 


the positions of satellites in zero field 
are marked on the axis of abscissa by lines proportional 
to the intensity. 

A glance at the figures for parallel components 
show that the separation is not generally proportional 
to the magnetic field. The satellites of 4047 are 
characterised by approaching the central principal line 
asymptotically, while in wez' fields, the change in 


| wave-length is quite rapid. The ,most remarkable of 


them is the satellite at —60 m.A.U. from the prin- 
the branch towards the positive side is approxi- 
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proportional to “H for the former branch, and to H? 
for the latter, showing that the singular case dis- 
covered by Gmelin is not confined to the satellites of 
the yellow line 5790. The same remark applies to the 
satellite —242 of the green line; the (—) branch be- 
comes fainter with increase of the field, and is para- 
bolic in the sense above mentioned, the (+) branch 
increases in brightness with the field, and the wave- 
length goes on increasing until it reaches a maximum, 
whence it gradually returns to the initial value in 
H=24,000, and decreases farther at a constant rate. 
The (+) branch becomes ultimately parallel to the 
principal line P-_,. The direction taken by this 
Branch ultimately coincides with that of the (—) 
branch of the satellite, —74; on approaching the (+) 
branch of —242, this (—) branch of —74 becomes 
fainter, and is finally lost to view; the other branch 
of —74 runs probably parallel to P.,, and increases in 
intensity. 

The satellites —26 and +78 have both a curved 
branch towards the negative side, and a straight 
branch on the positive side, both being parallel to P,. 
Thus in these lines the different branches to which 
the satellites are divided ultimately run parallel to the 
principal lines, whether the vibration takes place 
parallel or perpendicular to the direction of 
the magnetic force. This stage is reached earlier 
in the latter than in the former, as an inspection of 
the figures will show. The same holds good also 
for the strong satellites of the mercury line 4359. 
On reaching this stage, the change in wave-length 
takes place proportional to the corresponding change 
in magnetic field, and the separation becomes ulti- 
mately normal. 

It is in the transition from zero field to this final 
stage that the separation of the satellite takes place 
in a singularly anomalous manner, that we seldom 
meet with in the separation of the principal lines. 

This fact will have an important bearing on the 
elucidation of the nature of the satellite, and probably 
may have an intimate connection with the recent 
experiments of Paschen and Back. Before entering 
into theoretical speculation as to the probable origin 
of the anomalous mode of separation, we think it 
advisable to extend the investigation to see if such 
an effect is common to satellites of lines of other 
elements. H. NAGAOKA. 

T. TAKAMINE. 

Physical Institute, Imperial University, Tokyo, 

July 31. 


The Piitdown Horse Grinder.’’ 


In the Dawson-Woodward paper on the Piltdown 
skull of a “hominid” (Q.J.G.S., vol. Ixix.) mention 
is made of a tooth of Equus, and an accurate descrip- 
tion (so far as it goes) is given. After handling it 
again at Kensington, and comparing it by measure- 
ments with recent finds from this Stort Valley, also 
with one recently placed in the Sedgwick Museum, 
and another in the Saffron Walden Museum, I 
have found that the tooth in question appears to be 
the fourth premolar (p.m. 4) of Equus robustus, which 
Prof. Cossar Ewart has recognised as the true 
“Solutré Horse” (‘‘ Restoration of an Ancient Race of 
British Horses,’ Proc. Roy. Soc., Edin., vol. xxx., 
part 4). The importance of this identification (if it 
is confirmed by experts) is too obvious to need further 
comment to those who are familiar with recent ad- 
vances in our knowledge of the prehistoric horse. It 
remains to determine the exact horizon in the gravel- 
deposit at which this tooth was found beforé we can 
appraise its precise value as a time-index (see NATURE, 
July 8, 1909, paper to the Royal Soc. by Prof. J. C. 
Ewart, F.R.S.).. But one may venture to assert that 


NO. 2287, VOL. 91] 


| 


NATURE 661 


the stratum of Piltdown gravel, from which this tooth 

of Equus came, is of far later date than anything 

belonging to the Pleiocene. A. IRVING. 
Bishop’s Stortford, August 16. 


Automatic Stability in Aéroplanes. 


Pror. Bryan’s explanation of his model illustrating 
instability due to friction is somewhat obscure, but 
in any case it is difficult to see how there is not a 
violation of the principle of conservation of energy 
in his conclusion. 

If 9 and ¢ are the angles made with the vertical 
at any instant by OQ and OP respectively, the poten- 
tial energy of the controlling mechanism is k(é— ¢)?, 
where k is some constant. 
When the system starts to 
move from the position de- 
picted in the figure, its 
energy is C+k(8—a)?, and 
when it reaches the position 
of rest on the other side its 
energy is C’+k(y—a)?, 
where C and C’ depend on 
the position of QO and Q’ 
relative to O, and therefore 
are equal, and 8B and y de- 
note the angles which OP 
makes with vertical in the 
first and last positions. Now 
Prof. Bryan states that y is 
greater than 8, in spite of 
the fact that some energy has been degraded by 
friction in passing from one position to the other. 
Where is his concealed source of energy? 

B. DALE. 


THE system contemplated in my letter assumes the 


| existence of an external source of energy, and perhaps 
| it might have saved misunderstanding if this fact 


had been stated at the expense of brevity. If we 


imagine an aéroplane performing purely lateral oscil- 


|; me. In this case the 


| energy. 


lations, and suppose it furnished with a pendulum so 
arranged as to operate on a pair of ailerons, we have 
a system the action of which might be represented to 
a first approximation by the model assumed by 
necessary energy is being 
supplied by the wind, which, by its action on the 
ailerons, causes the aéroplane to rotate like a wind- 
mill during the interval that the pendulum rotates 
with the aéroplane, while the inclinations of the 
ailerons remain constant. The work done in a small 
displacement is of the form k(@—¢)dé@, but this does 
not integrate into an expression representing "potential 
G. H. Bryan. 


Physiological Factors of Consciousness. 

I wIsH to ascertain the opinion of physiologists and 
psycho-physicists on the following point, and I hope 
some readers of Nature will be good enough to 
supply me with the information required. 

My query is this: What is the true explanation of 
the fact that stimuli sufficiently strong to arouse vivid 
sensations in a subject while he is wide awake appar- 
ently fail to arouse any sensation at all in a state of 
unconsciousness? Four explanations appear to be pos- 
sible, namely :— 

(1) The afferent nervous current does not penetrate 
at all along the conducting paths into the central 
nervous system. 

(2) It penetrates into it, but only up to a little way, 
and does not reach the highest nervous centres. 
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(3) It reaches even the highest centres, but simply 
touches them and does not enter them. 

(4) It enters them, but fails to bring about that 
physical change in them that is the invariable con- 
comitant of every conscious state. 

The first of these explanations appears to me the 
least tenable of all. The last explanation, on the 
other hand, seems to be relatively the most probable. 
Indeed, on purely psychological grounds I am inclined 
to accept it as the final solution, but I must wait and 
seek an explanation on strictly physiological lines. 

Asput Majip. 

Ghasiari-Mandi, Lucknow, India. 


Ix reply to your inquiry for information upon the 
question raised by Mr. Majid I beg to say that the view 
of the matter which is, I think, pretty generally accepted 
and which I have adopted and attempted to develop in 
several publications (more especially in a_ series of 
papers in Mind, vol. xv., ‘‘ Physiological Factors of 
the Attention Process’’), is that the central nervous 
system consists of series of sensor-motor arcs super- 
imposed on one another to form strata of successively 
higher function from below upwards; that the 
synapses or cell-junctions of the higher level arcs offer 
higher resistance in the resting state than those of 
arcs of lower level; that the waking state is essentially 
one in which the generally diffused excitement of. the 
whole system reduces these resistances of the higher 
levels to such degree that excitations from lower levels 
can penetrate them, such penetration being impossible 
in the quiescent state owing to the high degrees of 
resistance presented by the synapses of these higher 
levels. 

Anesthetic drugs (as I first suggested in Mind in 
1898) seem to abolish consciousness through increasing 
the resistances of the synapses; and fatigue-products 
probably act on them in a similar manner, thus co- 
operating with diminution of external stimuli to the 
sense-organs in predisposing to or inducing normal 
sleep. I know of no evidence that points towards 
Mr. Abdul Majid’s fourth type of explanation. His 
letter raises an interesting question, which is by no 
means settled, although the type of explanation I 
suggest is, I think, more or less tentatively accepted 
by a good many physiologists; and it would be of 
interest to elicit some expressions of opinion. 

W. McDovucatt. 


Oxford, August 7. 


FOSSIL 


| io the summer of 1908 the Abbés A. and J. 
Bouysonnie and L. Bardon, already distin- 
guished for their researches into the Paleolithic 
industries in France, made an important discovery. 
At La Chapelle-aux-Saints, a little south of Brive, 
in the Department of Corréze, they found buried 
in a grave of Mousterian age a human skeleton 
of Neandertal type, with the head more completely 
preserved than in any previously known example 
of its kind. An inquest was held on the spot 
by some of the best-known “prehistorians” in 
France, who unanimous! confirmed the observa- 
tions of the discoverers, The skeleton, which 
Messrs. Bouysonnie and Bardon have generously 
presented to the National Museum of Paleontology 
in Paris, was entrusted by a fortunate choice to 
the director, Prof. Boule, and the result of his 


By Prof. M. Boule. 
Price francs. 


1 “L’Homme Fossile de la Chapelle-aux-Sainte.” 
Pp. 275+xvi plates. (Paris: Masson et Cie., 1913.) 
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investigations is the beautiful monograph befor 
us. 

The first chapter is devoted to a history of th 
discovery. The skeleton was found lying in a 
hollow of the rocky limestone floor of the cave, 
and was covered by a magna of broken bones, 
worked flints, and yellow cave-earth, over which 
followed first a layer of clay and then of loose 
soil containing pebbles. Among the animals re- 
presented by the bones are the woolly rhinoceros, 
reindeer, bison, hyena, marmot, and horse—a 
characteristic Pleistocene fauna. The implements 
are for the most part Mousterian points and 
racloirs; there are a few bouchers of Acheulean 
type, as well as some grattoirs which seem to 
presage the Aurignacian; but the assemblage as 
a whole is typical Mousterian. 

The skeleton was orientated east and west, th: 
head to the west. Above the head were the bone: 
of a bison’s foot (a metatarsal and some phal- 
anges) still in connection—a proof that the 
deposits had not been disturbed, and suggestiv: 
of much else besides. 

The skull (Fig. 1), of which a masterly analysis 
is given, is unusually perfect, and especially i: 


Fic. 1.—Skull of the man of La Chapelle-aux-Saints, with the nasal bones 
and the dentition restored (x }). 


those parts which are absent from the Gibraltar 
skull, so that it is possible to determine the posi- 
tion of such important points of reference as the 
basion, opisthion, and bregma. The base is un- 
fortunately incomplete, and this is the more to be 
regretted as the base of the Gibraltar skull, which 
in some respects is better preserved, presents some 
peculiar features not yet perhaps fully explained. In 
general there is a strong resemblance between 
these two skulls, the most marked difference, apart 
from size, lying in the extreme prognathism of 
the skull from La Chapelle-aux-Saints. Prof. 
Boule suggests that the orthognathism of the 
Gibraltar skull may be due to distortion conse- 
quent on pressure, but in the absence of collateral 
evidence we should be more inclined to regard it 
as an individual variation. 

The most important characters of the skull are 
as follows: it is very large, especially for a man 


whose stature did not exceed 1°6 metres, and its 


capacity, measured directly by Flower’s method, 
The capacity of the Neandertal sku!! 
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is estimated at 1408 c.c., of La Quina at 1367 c.c., 
and of Gibraltar at 1296 c.c. 

It is long, almost mesocephalic, and very flat : 
the frontal torus is enormous, the forehead low 
and retreating; there is a marked occipital torus, 
and the foramen magnum is situated far back- 
wards; the squamosal is small, the mastoid pro- 
cess reduced, the tympanic slightly compressed, 
and there is a rudimentary post-glenoid apophysis. 
The palate is very large. The face has a remark- 
ably brutal appearance, due partly to the retreat- 
ing forehead and the frontal torus, the great 
round orbits, and very broad nose, but above all 
to the massive maxilla, which is without a canine 
fossa, and projects forwards, continuing the direc- 
tion of the jugal, to form a sort of snout. The 
lower jaw is distinguished by the great thick- 


Fic. 2.—Profile of the skull of the man of La Chapelle-aux-Saints (thick | 
line) compared with that of a low Australian aborigine (thin line). (The | 


+= inions should be interchanged.) 


Fic. 3-—Profile of the skull of the man of La Chapelle-aux-Saints (thick 
line) compared with that of an average European (thin line). 


ness of its body, the breadth of the ascending 
ramus, the obliquity of the symphysis, and the 
complete absence of a chin. The dentition is 
megalodont. 

As the author justly remarks, it is not so much 
the occurrence of one or other of these characters 
which distinguishes the head of Neandertal man 
{many of them may be found scattered up and 
down among the members of some existing races) ; 
it is rather the association of all of them in one 
and the same skull, and, so far as we know, in all 
the skulls of one and the same race. 

Very complete measurements are given, but 
exception might fairly be taken to the use of the 
glabella-inion line as a base; this is not without 


value when the Neandertal skulls are compared 
NO. 2287, VoL. 91] 


inter se, but it becomes misleading when the com- 
parison is extended to the skulls of existing races. 
A better method is to superpose sagittal sections 
on a line drawn from the basion to the centre of 
form of its cranial area, as in the accompanying 
illustrations (Figs. 2 and 3). 

It was found possible to obtain an internal cast 
of the skull, and thus to throw some light on the 
form of the brain, which, notwithstanding its mag- 
nitude, presents several simian features. It 
would be interesting to know what psychological 
significance may attach to these; Prof. Boule’s 


Fic. 5.—The skeleton of an Aus- 
tralian aborigine for compari- 
son with Fig. 3 (X15). 


Fic. 4.—The skeleton of the man 
of La Chapelle-aux-Saints 
restored (X15). 


comment is that a small watch may be a better 
timekeeper than a big clock. 

A minute description of the other bones of the 
skeleton brings to light a number of interesting 
peculiarities, as in the form of the scapula and the 
clavicle, the characters of the cervical vertebre, 
and others which are summarised in a useful table 
(pp. 222-6). 

In discussing the stature it is pointed out that 
Manouvrier’s rules are founded exclusively on 
a study of existing white races, and that other 
factors have to be taken into account when we 
proceed to extinct races like the Neandertal. Prof. 


‘ Boule is thus led to assign a stature of from 
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1°58-1'59 to the man of La Chapelle-aux-Saints, 
or even perhaps 10 mm. less. The attitude is 
regarded as having been less habitually erect than 
in recent races. 

The numerous and important differences which 
we encounter in all parts of the skeleton are 
sufficient to distinguish Neandertal man from all 
existing races; he differs more from them than 
they from one another, and is therefore to be 
regarded as a distinct species, which, according 
to the recognised rules of nomenclature, should be 
named Homo neandertalensis. 

All anthropologists will welcome the very inter- 
esting chapters on fossil Pleistocene man and the 
evolution of mankind which conclude the work. 
They are valuable not merely as a compendium of 
existing knowledge, but above all as an expression 
of Prof. Boule’s personal opinions. 
space to dwell on these, but we may briefly enu- 
merate one or two points. No very close affinity 
is admitted between Homo neandertalensis and the 
aborigines of Australia; though they share many 
primitive characters in common, yet in still more 
they offer a decided contrast (Figs. 4 and 5). 
Pithecanthropus is regarded as a gigantic gibbon. 
The Mauer jaw is assigned to the Chellean stage. 
Some resemblance is recognised between the 
Grimaldi skeleton and the Bushmen, and it is ad- 
mitted that the Aurignacian artists may have been 
the ancestors of this interesting people. No con- 
vincing evidence has yet been adduced of the exist- 
ence of man before the Pleistocene epoch, and the 
so-called “rostro-carinates” are rejected. 

The whole history of the discovery at La 
Chapelle-aux-Saints, from the exposure of the 
skeleton in its tomb down to its lodgment and 
reconstruction in the museum at Paris and the 
appearance of this monumental memoir, is a fault- 
less record of skill and foresight. There are no 
lost opportunities to be regretted, and every signi- 
ficant fact that the material could yield has been 
elicited and set before us by a master hand. 

THE AUSTRALIAN MEETING OF THE 
BRITISH ASSOCIATION IN 1914. 
PROJECTED TOURS BEFORE AND AFTER THE MEETING. 
|: nia numerous excursions, in some cases 

over long distances, which are being 
arranged in connection with the meetings in the 
different capital cities of Australia next year, two 
more extended tours are projected with the object 
of giving selected members of the main party an 


opportunity to see portions of the continent which | 


will otherwise not be touched. The first of these 
will be in Western Australia, and will be open to 
a limited advance party composed mainly of geolo- 
gists, zoologists, anthropologists, and botanists. 
The work of the party will lie in various direc- 
tions from Perth. Geologists will be taken east 
to the goldfields, and also north to the Irwin River 
district. The geological relations of the latter 
(permo-carboniferous glacial beds with good ex- 
posures, and with excellent opportunity for collect- 
ing specimens) are more readily grasped on a 
short visit than are those of the goldfields. In 
NO. 2287, VOL. 91] 


We have not | 


| addition an excursion will be arranged to Yalling- 
up (south from Perth), and here there will 
be opportunity for botanists and zoologists 
to collect. For the latter, also, a marine 
| excursion with dredging will be arranged 
| at Bunbury on the return journey. A shorter trip 
| by motor from Perth to Mundaring Weir will 
interest the same members, the zoologists visit- 
ing the region where Peripatus occurs. Marine 
dredging excursions in Swan River (for Ascidians), 
| and by Rottnest Island, will also be arranged. 
As regards the time that is required for a satis- 
factory working of the programme, a week is a 
minimum, and will mean much crowding and 
| hurry. The Government of Western Australia 
' and the committee in charge of matters connected 
| with the visit would welcome a stay of a fortnight 
and are prepared to grant railway facilities and 
| find hospitality for that time. The number in 
| the party must be limited, and membership 
| restricted to people who are keenly interested in 
the work proposed. Twenty-five to thirty would 
be a convenient number, which might, perhaps, 
| be. extended to thirty-five, but must not exceed 


this. 


The second tour would begin after the last meet- 
ing of the association in Brisbane, and the pro- 
| posed itinerary is the following :—Brisbane vid 
Rockhampton to Longreach by rail; coach to 
Winton; rail to Hughenden and Cloncurry; 
motor to Croydon and rail to Normanton. The 
party would then be taken to the mouth of 
the Norman river, and be met by the steamer 
belonging to the Administration of the Northern 
Territory (Dr. J. A. Gilruth, Administrator), and 
conveyed across the Gulf of Carpentaria, and 
about one hundred miles up the Roper river. 
They would proceed through the Territory }y 
motor-car (there are no roads) to Pine Creek, and 
thence by rail to Darwin, where the steamer to 
England via Java, Singapore, and Colombo would 
be met. 

A very considerable portion of Australia would 
be covered, and fine opportunities offered for the 
study of botany, geology, agriculture, &c., and, 
| what is of great importance to Australia at the 
present time, the conditions of white settlement 
in the tropics. Obviously the party must be small, 
and it is suggested that it should include « 
botanist, a geologist, a zoologist, and a physio- 
logist, or persons connected with mining, agricul- 
ture, and the development of Empire. Four would 
be a suitable number, or at the most five. Repre- 
sentative men only would be acceptable, for th: 
trip will be costly; but if a party of sufficient 
standing and enthusiasm be prepared to under- 
take it, the Hon. D. F. Denham, Premier of 
Queensland, has promised, on behalf of his 
Government, to bear the expenses of the Queens- 
land section, and the Administration of the 
Northern Territory will be responsible for the 
later section. A rough estimate of the time that 
might be spent on the whole trip is one month, 
but this would need to be adjusted in accordance 
with the time-table of the boats from Darwin to 
England. 
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It is hoped that both of these parties may be 
arranged by about the middle of November, while 
the organising secretary for the Australian meet- 
ing (Dr. A. C. D. Rivett) is in England. Inquiries 
should be addressed to the Secretary, British 
Association, Burlington House, Piccadilly, W. 
[TWENTY-FIVE YEARS’ WORK AT THE 
PHYSIKALISCH - TECHNISCHE REICHS- 

ANSTALT, CHARLOTTENBURG. 
|= Physikalisch-Technische  Reichsanstalt, 

which may be aptly termed the German 
‘“ National Physical Laboratory,” plays such an im- 
portant part in physical science that it may not 
be without interest to readers of NaTurRE to in- 
dicate briefly a few of the more prominent ques- 
tions which have been dealt with at the institu- 
tion since its foundation in 1885, which, by the 
way, was due in great measure to Werner von 
Siemens. Considerable information is afforded 
in two articles! recently published by members 
of the staff, and these papers should make inter- 
esting reading to those desiring further particulars 
of the work. 

In addition to carrying out research work of 
direct interest to science and industry, the 
Reichsanstalt carries out the verification against 
standards of all kinds of instruments in the same 
manner as does the National Physical Laboratory 
in this country. It is, however, the research work 
to which we will confine ourselves here. The re- 
markable growth in the activities of the institu- 
tion has kept pace with the advancement in 
scientific research during the last quarter of a 
century. 

Dealing first with heat, the Reichsanstalt has 
occupied itself with practically every question in 
this branch of physics. One of its first tasks 
after getting into working order was the con- 
tinuation of Regnault’s famous work: he had 
shown that the scale of the mercurial thermometer 
could not be used as a standard owing to the 
influence exerted on the readings of the instru- 
ment by the expansion of the glass tube, the 
indications differing considerably in the range 
above 100° C, with thermometers made of differ- 
ent sorts of glass. Great difficulty had been ex- 
perienced in finding a glass suitable for high 
temperatures when the Reichsanstalt commenced 
operations. Schott and Genossen, of Jena, ex- 
perimented with different types of glasses and 
produced thermometer tubes constructed of new 
types of glass, and the Reichsanstalt tested these 
tubes as regards their accuracy over the funda- 
mental interval o-100° C., and their suitability for 
higher temperatures. The result is that the well- 
known Jena 59 quality has up to the present 
proved the most suitable in respect of small 
thermal expansion and of robustness. Extensive 
comparisons were afterwards carried out between 
the mercury thermometer and the air thermometer, 
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owing to the difficulty experienced in realising the 


anstalt. 


hydrogen thermometer scale at temperatures above 
100°C. These measurements were carried to 
500°C. At the present day nitrogen-filled thermo- 
meters are recognised as the most practical for 
high temperatures, and their success is to no 
small degree due to the labours of the Reichs- 
The institution has also played a not 
inappreciable rdle in the development of pyro- 


| metry, from the introduction of the thermo-couple 
yy p 


by Le Chatelier to the more recent progress which 
resulted in the introduction of radiation pyro- 
metry, based on the early observations of 
Becquerel, and on the later investigations of Kirch- 
hoff and Wien on the subject of “black body ” 
radiation. Following on Regnault’s experiments, 
the Reichsanstalt has carried out research on the 
thermal properties of substances: this included 


| experiments on the expansion of water between 
| o° and 100° by the communicating tube principle, 


| this connection, and the 


and the determination of the saturation pressure 
between —60° and +370°C. The determination 
of the specific heat of gases—a question of high 
importance in internal combustion engine work 

has been carried out with nitrogen, carbonic acid 
gas, and water vapour up to 1400°C., thus com- 
pleting the work of Le Chatelier and Mallard in 
determination of the 
specific heat of gases at low temperatures has been 
made by Callendar’s continuous flow method, im- 


| proved by the counter-flow principle. 


| embracing’ science. 


The electrical side of the work is no less interest- 
ing, and the activities of the institution have kept 
pace with the unceasing progress of this all- 
It is, of course, of prime im- 
portance that the electrical units of measurement 
should be defined and realised as accurately as 
possible, and in this connection the Reichsanstalt 
has taken part in international conferences dealing 
with the subject, as well as cooperating with the 
State laboratories of other countries in carrying 
out measurements. Mercury copies of standard 
resistances had been found to be inconvenient in 
practice, and resistance boxes of German silver 
had proved inconstant and shown the resistance to 
be an intimate function of the temperature. It 
was Weston, in America, who first paved the way 
to improvement in this respect by inventing an 
alloy which showed but slight change of resist- 
ance with temperature; but it was left to the 
Germans to improve on Weston’s discovery, the 
result being the introduction of the alloy (copper 
eight parts, nickel four, and manganese twelve) 
known universally as “manganin.” Twenty years’ 
experience at the Reichsanstalt with manganin 
resistances has shown the material to be unsur- 
passed by any other. 

At the time the Reichsanstalt was founded 
standard cells were scarcely in use: it was only 
in the ’nineties that the Reichsanstalt, as the result 
of investigations, produced a practical standard 


cell, and one capable, moreover, of undergoing 
1 “Die Physikalisch-Technische Reichsanstalt; Fiinfundzwanzig Jahre | 


transit. This cell has, however, been superseded 


| by the well-known Weston normal cell, which was 


accepted as the standard of e.m.f. by the London 
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(1908). 

For direct-current measurements in electricity 
the three fundamental units—the ohm, the ampere, 
and the volt—are sufficient; but the Reichsanstalt 
experiments have contributed to a great extent 
to the improvement and simplification of methods 
of measurement. It was this institution that 
helped largely in the development of the potentio- 
meter, which, in conjunction with the standard cell, 
forms the real basis of very many electrical 
measurements. 

Mention should also be made of the “artificial 
loading ” method introduced by the Reichsanstalt 
(separate circuit for current and pressure), which 
enables tests to be carried out, with but a small 
expenditure of electrical energy, on apparatus in- 
tended for the measurement of outputs up to many 
thousand kilowatts. It was also the Reichsanstalt 
which introduced the optical method of measuring 
current densities by means of the optical pyro- 
meter. 

Considerable interest attaches to the testing of 
sheet-iron employed in dynamo and transformer 
construction, and endeavours have repeatedly been 
made to keep down the energy losses in the 
material while augmenting the permeability (mag- 
netisability) of the iron as much as possible. The 
Reichsanstalt was the first to suggest the use of 
iron alloyed with silicon for this purpose; and the 
researches of Barrett, Brown, and Hadfield appear 
to show the great advantage of this alloyed iron, 
which results in the reduction of eddy currents. 

The optical work of the Reichsanstalt is not dis- 
cussed quite so fully as that of. the other branches. 
After a mention of pre-existing units of light, a 
space is devoted to the amyl acetate lamp of 
Hefner (briefly, the Hefner lamp) as a photometric 
standard. Whilst recognising its many advan- 
tages the Reichsanstalt has not lost sight of its 
deficiencies, and for this reason has always en- 
deavoured to establish a measure of light to satisfy 
the broadest requirements of scientific and technical 
practice. Successful experiments have been con- 
ducted to secure a constant radiation of light from 
incandescent platinum with the aid of the bolo- 
meter, and tests now in hand justify the hope of 
arriving shortly at a mode of realisation of the 
“black body ” which will fulfil all requirements in 
regard to accuracy and trustworthiness. Through 
the labours of the Reichsanstalt Germany was the 
first country to possess a generally recognised, 
accurately investigated unit of light. 

The Charlottenburg establishment has also kept 
in close touch with practical requirements con- 
nected with saccharimetrical work. For ascer- 
taining the value of sugar use is made of its 
rotation relative to the plane of polarisation, the 
Germans (and many other countries) using the 
Ventzke scale of divisions for the saccharimeters. 
The hundred point of this scale is defined by the 
rotation of a standard sugar solution (26 grammes 
in 100 c.c. of water at 20°C.) in a 20 cm. tube. 
For checking the readings of this apparatus, a 
quartz plate ground perpendicular to the axis is 

NO. 2287, VOL. 91] 


[AuGuST 28, 1913 


Extensive experiments had to be made 
on the rotation of the pure sugar at the concen- 
tration of the standard solution, in order to arrive 
at a basis for test purposes. Great accuracy is 
necessary, as it is estimated that an error of o'1 
per cent. would make a difference in the sale value 
of the annual production of sugar in Germany of 
about 25,o00l. The Reichsanstalt has, in addition, 
introduced the Abbe refractometer for determining 
the percentage of solids or of dry substance in 
connection with the impure sugar solutions to 
be investigated in the course of manufacture. 
Particulars are given of the method employed. 
Experiments have also been undertaken on the 
refractivity of other substances with the Abbe- 
Fizeau dilatometer, such as the refraction of differ- 
ent gases (air, H, N, and He) at room femperature 
and at very low temperatures; in addition, accur- 
ate measurements have been made on the refrac- 
tive power of quartz and fluorspar—substances 


| of such great importance in radiation measure- 


ments. 

A series of optical experiments on metals have 
been made, yielding important results. The re- 
flecting power was first determined by measuring 
the quantity of light reflected nearly perpendicular 
(to within 4°) to the surface, for light of different 
wave-lengths, not only for the visible part of the 
spectrum, but also for ultra-violet (to wave- 
lengths of o*25u) and for ultra-red rays (to wave- 
lengths of 1°5u). In the visible range the work 
was carried out with the spectrophotometer, and 
in the invisible range with a Rubens thermopile. 
In addition to pure metals the technically im- 
portant mirror-alloys were investigated, and, for 
the visible range, glass mirrors coated with silver 
and mercury amalgam. It is interesting to note 
that silver, which in the visible spectrum reflects 
better (viz. go-95 per cent.) than all other metals, 
reflects much less than all other metals in an 
ultra-violet region (between 0°25 and 
namely, only about 4 per cent.—or less even than 
a quartz surface. 

An apparatus has been constructed by the 
Reichsanstalt for producing sharp interference 
bands, and having a high capacity. Its main 
constituent is a plane-parallel glass strip into 
which the light to be tested is transmitted in 
such manner as to fall on the bounding planes 
near to the angle of total reflection, thus emerging 
striated. With this apparatus a number of 
spectrum lines, particularly the mercury lines, 
have been tested as regards their structure and the 
presence of accompanying lines (“satellites ’’). 

In conclusion mention should be made of a 
series of experiments relative to the luminous 
phenomena in highly evacuated Geissler tubes. 
A new kind of ray, similar to the kathode rays, 
was discovered which was emitted from the anode 
under certain conditions. These anode rays, which 
are emitted in particular from hot salt anodes, 
show magnetic and electric deflection like the 
kathode rays and the Doppler effect (displacement 
of the lines in the spectrum). They were conceived 
as being positively charged metallic atoms of the 
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salts contained in the anode, and are cast off from 
the anode at great velocity (100 to 1000 kilometres 
per second). 
have had reference to the velocity and to the 
ratio of the electric charge to the mass of a 
luminescent particle for different metals. Views, 
corroborated chiefly by spectroscopic tests, make 
it probable that the anode rays are identical with 
the sun’s protuberances—that the latter are 
nothing but anode rays of gigantic dimensions. 

The annual report of the Reichsanstalt for the 
past year, just to hand, gives evidence of con- 
inued progress in the various branches of scienti- 
¥ investigation, but space will not permit of 
touching on the subjects dealt with: readers are 
referred to the Zeitschrift fiir Instrumentenkunde, 
March, April, and May, 1913, in this connection. 

E. S. Hopcson. 


DERIVATION OF POWER FROM TIDAL 
WATERS. 
THOUSANDS of years have been required to 
evolve the processes by which the energy 
stored by natural agencies has been made to fulfil 
our requirements; thousands of years may still be 
required to evolve processes by which the internal 
heat of the earth, the phenomena attendant on 
barometric pressure, and the potential energy of 
the tidal wave may be similarly utilised. 

But with regard to the latter much has in 
reality been already achieved. Vast fleets of 
barges and shipping are daily carried to and fro 
by means of the tidal stream in estuaries and the 
mouths of rivers. Ships of all sizes are lifted and 
kept afloat in inland tidal basins. London, 
Cardiff, Bristol, and numerous seaport towns 
illustrate the fact that ends impracticable by 
other means may be attained by the utilisation of 
the tidal wave; and there is little doubt that as 
time goes on, the advantages to be derived from 
the utilisation of the tides in dock work 
will be manifested by even greater and more im- 
portant works than have yet been undertaken. 

Why, then, should it generally be considered 
impracticable to utilise some small portion of the 
potential energy of the tidal wave in the produc- 
iion of energy for other useful purposes? The 
answer to this question is difficult to find, but it 
appears that about forty years ago an attempt 
was made to investigate the matter. An analysis 
of the initial cost and probable revenue from a 
tidal installation was made the subject of articles 
in The Engineer. The result of the analysis 
showed that electricity could be produced at a 
cheaper rate with gas engines than by a tidal in- 
stallation. The cumulative result of this weighty 
opinion was evidently far-reaching, and for many 
years only half-hearted attempts have been made 
to prove that the tidal installation is no longer to 
be considered outside the range of practical engi- 
neering problems. 

The conditions which obtained forty years ago 
are no longer in existence. The improvements in 
plant for carrying out large works are so great 
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| that they are difficult to realise. The hydro- 


Difficult measurements carried out | 


electric installations in those days were so few in 
number and so unimportant in effect, that the vast 


| works which have been executed in the past few 
| years would likewise have been considered im- 


practicable from a commercial point of view, or, at 


| the best, in the light of doubtful experiments. 


| Even so late as 1904, in a paper read before the 


Institution of Civil Engineers (vol. clvii., session 
1903-04, part iii.), Mr. Steiger gives it as his 
opinion that water power has been chiefly used for 
driving flour mills, and as the authority of the 
author is above dispute, it may be safely con- 
cluded that an analysis made forty years ago 
should no longer be allowed to stand without 
revision. 

Perhaps the most important modification of the 
conditions which obtained until quite recently is 
the use of ferro-concrete as an auxiliary to the 
formation of embankments. The strength and 
durability of structures, such as bridges and 
landing stages, with struts and braces of ferro- 
concrete has proved the possibilities of that 
material in braced structural work, while the 
small section and great length of ferro-concrete 
piles has shown the possibility of handling suit- 
ably designed beams and girders of this material 
without risk of injury to them. 

Now by constructing braced trestles which can 
be handled by a crane, and placed so accurately 
in position that slabs of ferro-concrete, designed 
for the purpose, may be set between them and 
fixed, am extremely economical shell may be 
formed to serve as the matrix of an earthwork 
embankment. 

The present writer has had the privilege of 
making an exhaustive investigation into modern 
methods of forming sea walls, wharfs, break- 
waters, and other sea works of that kind, and he 
is in a position to state that where there is no 
danger from the action of heavy seas, great 
economy can be effected by forming the face of a 
sea wall with a skin of concrete slabs, held in 
position by trestles of the same material. 

But even with the saving which can be effected 
by this method of construction, the tidal installa- 
tion is only practicable from a commercial view- 
point when the initial cost can be reduced to be- 
tween 4ol. and 5ol. per horse-power ; or, stating the 
matter in another way, unless the sum of the 
maintenance charges, plus about 10 per cent. on 
the capital outlay, divided by the capacity of the 
installation in horse-power, does not exceed 4l. 
per horse-power year. 

The financial side of the question is of the first 
importance, but the difficulties to be overcome on 
the technical side are also, it is to be presumed, 
regarded as nearly insuperable as well. To deal 
with the latter it is necessary briefly to consider 
the general characteristics of tidal waters in 
estuaries or similar locations, and to indicate the 
methods proposed for overcoming them. 

When the tidal wave passes from the open sea 
into the funnel-shaped entrance of a channel or 
estuary, its volume being constant, the height of 
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conference on electrical units and standards 

For direct-current measurements in electricity 
the three fundamental units—the ohm, the ampere, 
and the volt—are sufficient; but the Reichsanstalt 
experiments have contributed to a great extent 
to the improvement and simplification of methods 
of measurement. It was this institution that 
helped largely in the development of the potentio- 
meter, which, in conjunction with the standard cell, 
forms the real basis of very many electrical 
measurements. 

Mention should also be made of the “artificial 
loading” method introduced by the Reichsanstalt 
(separate circuit for current and pressure), which 
enables tests to be carried out, with but a small 
expenditure of electrical energy, on apparatus in- 
tended for the measurement of outputs up to many 
thousand kilowatts. It was also the Reichsanstalt 
which introduced the optical method of measuring 
current densities by means of the optical pyro- 
meter. 

Considerable interest attaches to the testing of 
sheet-iron employed in dynamo and transformer 
construction, and endeavours have repeatedly been 
made to keep down the energy losses in the 
material while augmenting the permeability (mag- 
netisability) of the iron as much as possible. The 
Reichsanstalt was the first to suggest the use of 
iron alloyed with silicon for this purpose; and the 
researches of Barrett, Brown, and Hadfield appear 
to show the great advantage of this alloyed iron, 
which results in the reduction of eddy currents. 

The optical work of the Reichsanstalt is not dis- 
cussed quite so fully as that of the other branches. 
After a mention of pre-existing units of light, a 
space is devoted to the amyl acetate lamp of 
Hefner (briefly, the Hefner lamp) as a photometric 
standard. Whilst recognising its many advan- 
tages the Reichsanstalt has not lost sight of its 
deficiencies, and for this reason has always en- 
deavoured to establish a measure of light to satisfy 
the broadest requirements of scientific and technical 
practice. Successful experiments have been con- 
ducted to secure a constant radiation of light from 
incandescent platinum with the aid of the bolo- 
meter, and tests now in hand justify the hope of 
arriving shortly at a mode of realisation of the 
“black body ” which will fulfil all requirements in 
regard to accuracy and trustworthiness. Through 
the labours of the Reichsanstalt Germany was the 
first country to possess a generally recognised, 
accurately investigated unit of light. 

The Charlottenburg establishment has also kept 
in close touch with practical requirements con- 
nected with saccharimetrical work. For ascer- 
taining the value of sugar use is made of its 
rotation relative to the plane of polarisation, the 
Germans (and many other countries) using the 
Ventzke scale of divisions for the saccharimeters. 
The hundred point of this scale is defined by the 
rotation of a standard sugar solution (26 grammes 
in 100 c.c. of water at 20°C.) in a 20 cm. tube. 
For checking the readings of this apparatus, a 
quartz plate ground perpendicular to the axis is 
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on the rotation of the pure sugar at the concen- 
tration of the standard solution, in order to arrive 
at a basis for test purposes. Great accuracy is 
necessary, as it is estimated that an error of o'1 
per cent. would make a difference in the sale value 
of the annual production of sugar in Germany of 
about 25,000]. The Reichsanstalt has, in addition, 
introduced the Abbe refractometer for determining 
the percentage of solids or of dry substance in 
connection with the impure sugar solutions to 
be investigated in the course of manufacture. 
Particulars are given of the method employed. 
Experiments have also been undertaken on the 
refractivity of other substances with the Abbe- 
Fizeau dilatometer, such as the refraction of differ- 
ent gases (air, H, N, and He) at room femperature 
and at very low temperatures; in addition, accur- 
ate measurements have been made on the refrac- 
tive power of quartz and fluorspar—substances 
of such great importance in radiation measure- 
ments. 

A series of optical experiments on metals have 
been made, yielding important results. The re- 
flecting power was first determined by measuring 
the quantity of light reflected nearly perpendicular 
(to within }°) to the surface, for light of different 
wave-lengths, not only for the visible part of the 
spectrum, but also for ultra-violet (to wave- 
lengths of 0°25) and for ultra-red rays (to wave- 
lengths of 1°5y). In the visible range the work 
was carried out with the spectrophotometer, and 
in the invisible range with a Rubens thermopile. 
In addition to pure metals the technically im- 
portant mirror-alloys were investigated, and, for 
the visible range, glass mirrors coated with silver 
and mercury amalgam. It is interesting to note 
that silver, which in the visible spectrum reflects 
better (viz. go-95 per cent.) than all other metals, 
reflects much less than all other metals in an 
ultra-violet region (between o'25 and o0°3,), 
namely, only about 4 per cent.—or less even than 
a quartz surface. 

An apparatus has been constructed by the 
Reichsanstalt for producing sharp interference 
bands, and having a high capacity. Its main 
constituent is a plane-parallel glass strip into 
which the light to be tested is transmitted in 
such manner as to fall on the bounding planes 
near to the angle of total reflection, thus emerging 
striated. With this apparatus a number of 
spectrum lines, particularly the mercury lines, 
have been tested as regards their structure and the 
presence of accompanying lines (“satellites ”’). 

In conclusion mention should be made of a 
series of experiments relative to the luminous 
phenomena in highly evacuated Geissler tubes. 
A new kind of ray, similar to the kathode rays, 
was discovered which was emitted from the anode 
under certain conditions. These anode rays, which 
are emitted in particular from hot salt anodes, 
show magnetic and electric deflection like the 
kathode rays and the Doppler effect (displacement 
of the lines in the spectrum). They were conceived 
as being positively charged metallic atoms of the 
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salts contained in the anode, and are cast off from 
the anode at great velocity (100 to 1000 kilometres 
per second). 
have had reference to the velocity and to the 
ratio of the electric charge to the mass of a 
luminescent particle for different metals. Views, 
corroborated chiefly by spectroscopic tests, make 
it probable that the anode rays are identical with 
the sun’s protuberances—that the latter are 
nothing but anode rays of gigantic dimensions. 

The annual report of the Reichsanstalt for the 
past year, just to hand, gives evidence of con- 
tinued progress in the various. branches of scienti- 
fic investigation, but space will not permit of 
touching on the subjects dealt with: readers are 
referred to the Zeitschrift fiir Instrumentenkunde, 
March, April, and May, 1913, in this connection. 

E. S. Hopcson. 


DERIVATION OF POWER FROM TIDAL 
WATERS. 
THOUSANDS of years have been required to 
evolve the processes by which the energy 
stored by natural agencies has been made to fulfil 
our requirements; thousands of years may still be 
required to evolve processes by which the internal 
heat of the earth, the phenomena attendant on 
barometric pressure, and the potential energy of 
the tidal wave may be similarly utilised. 

But with regard to the latter much has in 
reality been already achieved. Vast fleets of 
barges and shipping are daily carried to and fro 
by means of the tidal stream in estuaries and the 
mouths of rivers. Ships of all sizes are lifted and 
kept afloat in inland tidal basins. London, 
Cardiff, Bristol, and numerous seaport towns 
illustrate the fact that ends impracticable by 
other means may be attained by the utilisation of 
the tidal wave; and there is little doubt that as 
time goes on, the advantages to be derived from 
the utilisation of the tides in dock work 
will be manifested by even greater and more im- 
portant works than have yet been undertaken. 

Why, then, should it generally be considered 
impracticable to utilise some small portion of the 
potential energy of the tidal wave in the produc- 
tion of energy for other useful purposes? The 
answer to this question is difficult to find, but it 
appears that about forty years ago an attempt 
was made to investigate the matter. An analysis 
of the initial cost and probable revenue from a 
tidal installation was made the subject of articles 
in The Engineer. The result of the analysis 
showed that electricity could be produced at a 
cheaper rate with gas engines than by a tidal in- 
stallation. The cumulative result of this weighty 
opinion was evidently far-reaching, and for many 
years only half-hearted attempts have been made 
to prove that the tidal installation is no longer to 
be considered outside the range of practical engi- 
neering problems. 

The conditions which obtained forty years ago 
are no longer in existence. The improvements in 
plant for carrying out large works are so great 
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that they are difficult to realise. The hydro- 


| electric installations in those days were so few in 


Difficult measurements carried out | 


number and so unimportant in effect, that the vast 
works which have been executed in the past few 


| years would likewise have been considered im- 
| practicable from a commercial point of view, or, at 
| the best, in the light of doubtful experiments. 


| Even so late as 1904, in a paper read before the 


Institution of Civil Engineers (vol. clvii., session 
1903-04, part iii.), Mr. Steiger gives it as his 
opinion that water power has been chiefly used for 
driving flour mills, and as the authority of the 
author is above dispute, it may be safely con- 
cluded that an analysis made forty years ago 
should no longer be allowed to stand without 
revision. 

Perhaps the most important modification of the 
conditions which obtained until quite recently is 
the use of ferro-concrete as an auxiliary to the 
formation of embankments. The strength and 
durability of structures, such as bridges and 
landing stages, with struts and braces of ferro- 
concrete has proved the possibilities of that 
material in braced structural work, while the 
small section and great length of ferro-concrete 
piles has shown the possibility of handling suit- 
ably designed beams and girders of this material 
without risk of injury to them. 

Now by constructing braced trestles which can 
be handled by a crane, and placed so accurately 
in position that slabs of ferro-concrete, designed 
for the purpose, may be set between them and 
fixed, an extremely economical shell may be 
formed to serve as the matrix of an earthwork 
embankment. 

The present writer has had the privilege of 
making an exhaustive investigation into modern 
methods of forming sea walls, wharfs, break- 
waters, and other sea works of that kind, and he 
is in a position to state that where there is no 
danger from the action of heavy seas, great 
economy can be effected by forming the face of a 
sea wall with a skin of concrete slabs, held in 
position by trestles of the same material. 

But even with the saving which can be effected 
by this method of construction, the tidal installa- 
tion is only practicable from a commercial view- 
point when the initial cost can be reduced to be- 
tween 4ol. and sol. per horse-power ; or, stating the 
matter in another way, unless the sum of the 
maintenance charges, plus about 10 per cent. on 
the capital outlay, divided by the capacity of the 
installation in horse-power, does not exceed 4l. 
per horse-power year. 

The financial side of the question is of the first 
importance, but the difficulties to be overcome on 
the technical side are also, it is to be presumed, 
regarded as nearly insuperable as well. To deal 
with the latter it is necessary briefly to consider 
the general characteristics of tidal waters in 
estuaries or similar locations, and to indicate the 
methods proposed for overcoming them. 

When the tidal wave passes from the open sea 
into the funnel-shaped entrance of a channel or 
estuary, its volume being constant, the height of 
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the wave increases as the opening narrows, and 
the particles of water composing it acquire a hori- 
zontal motion. In fact, the tidal wave, after 
entering an estuary, may be considered to be a 
stream, which, while the crest of the wave is 
passing, becomes quiescent for a time, and then 
flows in the opposite direction until the trough 
of the wave, in its turn, causes another period of 
quiescence. These periods of quiescence are 
called the tidal intervals. 


Now it has been found that the potential energy | 


of a river may be converted to useful energy by 
damming the stream at a convenient place to 
obtain a working head for turbines; the difference 
in level of the stream above and below the dam 
being but a few feet. 
method of generating electricity has been estab- 
lished by experience, and it is clear that if the 
utilisation of the tidal stream could be effected on 
somewhat similar lines, similar results might 
reasonably be expected. This in effect constitutes 
the problem which has to be solved. 

The chief difficulty which has to be surmounted 
in utilising the tidal stream for power purposes i 


the tidal interval, and this difficulty must be con- | 


sidered as a problem to be solved for every 
location. In one case it might happen that it 
would be found cheaper to form one tidal reser- 
voir and another reservoir inshore above the level 
of the highest tide. 

The inshore reservoir would be filled twice daily 
by means of pumps actuated by the tidal reservoir, 
to serve as the supply to an ordinary hydro-electric 


installation which could be operated when required. 
[In another case it might be found that the diffi- 
culty could be best dealt with by forming an auxili- 
ary reservoir at a convenient spot higher up a neigh- 
bouring river, thus providing a separate unit to 


carry the load over the tidal intervals. In another 
case, again, it is possible that the intermittent 
operation of the turbines would not be found in- 
convenient. But speaking generally, the difficulty 
can be surmounted by the formation of two or 
more reservoirs connected to the tide and to 
a central turbine chamber by means of sluice 
valves; the feed to the turbines springing altern- 
ately from the main tidal stream and from the 
reservoirs in such a manner that a working head of 
water might be continuously maintained. 

But it cannot be too strongly insisted upon that 
the first requirement for a tidal installation is a 
suitable site, the peculiarities of which will deter- 
mine the character of the system adopted. For, 
since the success of such an undertaking depends 
on the cost per unit of power for structural work 
and equipment, it is evident that advantage must 
be taken of every favourable peculiarity, and that 
the system adopted will be dependent on the site. 

In a case where the tidal interval is to be 
bridged by means of three tidal reservoirs the 
sequence of flow between the reservoirs and the 
tidal way is somewhat difficult to follow, but may 
readily be understood from the tabular descrip- 
tion below. The three reservoirs are severally de- 
noted by the letters “a,” “b,” and “c.” 
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The economy of this | 


The tide rising from low water to one-third of 
its range :— 


Turbines fed 
from reservoir 


Standing  ‘‘c” Emptying into 
empty the tidal way 
The tide rising from one-third of its range to 
high water :— 
Turbines fed 


from the tidal way 
into the resery, 


“fa” Filling to high- 
water level 


Empty 


The tide falling from high water to one-third 
of range :— 
“b” Turbines fed 


from the tidal way 
into the reservoir 


**a” Standing full **c” Filled up to 


tide level 


The tide falling from one-third of its range to 
low water :— 


“a” Full ‘“‘e” Turbines fed 


from reservoir 


Emptying to 
low-tide level 

It has been practically established that the basis 
of calculation for the power of a tidal installation 
should be one-third of the range of the minimum 
tide; hence when high tide is reached, water flow- 
ing from the tidal way may be passed through 
the turbines into the empty reservoir “b,” the 
capacity of which must be such that the water 
level inside will have risen to the height of one- 
third of the range of the tide when the tide has 
fallen that distance. Similarly at low tide, water 
impounded in reservoir “a ’’ to the level of the last 
high tide may be discharged through the turbines 
into the tidal way, the capacity of reservoir 
“a” being such that the tide will have risen one- 
third of its range before the water level inside has 
fallen an equal distance. 

A third reservoir “c” must be provided to re- 
ceive the water flowing through the turbines from 
the tidal way, during the time that the tide is 
rising from one-third of its range to high tide. 
It must then be filled to high-tide level direct from 
the tide, so that when the latter has fallen one- 
third of its range, the contents mav be discharged 
through the turbines into the tidal way. 

By an arrangement of valves and sluices all the 
reservoirs can be controlled automatically to per- 
form their several functions as and when required. 

The technical description of the several sluice 
valves or gates, of the structural details of the 
supply, or turbine chamber, and of the embank- 
ment walls was given in detail in the author’s 
paper on tidal waters as a source of power, which 
was read and discussed before the Society of 
Engineers on May 5. It is, however, necessary 
to state that the cost of these details has been 
exhaustively considered, and it has been found 
that though the expense entailed is very heavy, it 
cannot be considered prohibitive unless the 
capacity of the installation is less than it should 
be to justify the outlay. For it will readily be 
seen that the length of the embankment walls 
will not increase directly as the area of the reser- 
voirs, and hence that within defined limits, the 
greater the capacity of the installation the smaller 
will be its cost per unit of horse-power. 


= 
| | 

ey 

| 

| 

al 

1 

la, 

le 

: 

A 

| 
: 
+ 


913 
hird of 


ying into 
Way 


nge to 


ines fed 
dal Way 


e-third 


1 up to 
vel 


nge to 


ines fed 
rvoir 

basis 
lation 
nimum 
r flow- 
rough 
the 
water 
f one- 
Je has 
water 
he last 
rbines 
ervoir 
n one- 
de has 


to re- 
; from 
ide is 
tide. 
t from 
1 one- 
arged 


all the 
O per- 
uired. 
sluice 
»f the 
bank- 
thor’s 
which 
ty of 
sssary 
been 
found 
vy, it 
the 
hould 
ily be 
walls 
reser- 
, the 
naller 


AvucusT 28, 1913] 


It is hoped that in the near future an oppor- 
tunity will be found to obtain, not only a close 
estimate of the cost of a tidal installation, but 
also a proof in practice of its convenience and 
economy as a means of reducing the national 
consumption of fuel. C. A. BaTTISCOMBE. 


NOTES. 

Tne ninety-sixth annual meeting of the Société 
Helvétique des Sciences Naturelles is to take place 
this vear at Frauenfeld from September 7 to 10. The 
programme is an interesting one. Among the lec- 
tures announced which e“e likely to attract consider- 
able attention we notice that by Dr. de Quervain, of 
Ziirich, on the Swiss Expedition to Greenland and 
its results, and that by Prof. Keller, of Ziirich, on the 
eeography of the fauna of the Caucasus, both of 
which are to be illustrated by lantern - slides. 
Prof. Maillefer, of Lausanne, who will speak of his 
researches on the laws of geotropism, and Prof. 
Dutoit, of the same city, who will discourse on recent 
onquests in the realm of analytical chemistry, are 
equally certain of an attentive audience. Besides 
these, Prof. Grubemann’s, of Ziirich, account of the 
development of the modern theory of rocks, and Prof. 
Rikli’s geographical studies in the flora of the 
Caucasus, as well as Prof. Fuhrmann’s, of Neuchatel, 
sketch of his scientific researches during his journey 
through the Cordilleras of Columbia, will be awaited 
with interest. Among the men of science who have 
announced their intention of making communications 
to the separate sections are Prof. Edouard Fischer, 
of Bern, and Prof. Ernst, of Ziirich, in the botanical 
section; Dr. Paul Arbenz and Dr. H. Schardt, of 
Ziirich, in the geological section; Prof. C. E. Guye, 
of Geneva, and Prof. Perrier, of Lausanne, in the 
physical section, as well as Prof. Einstein and his 
colleague at Ziirich, Prof. M. Grossmann, in a dis- 
cussion of the physical and mathematical basis of the 
theory of gravitation, to take place at a common 
sitting of the physical with the mathematical section. 
In the latter section, though only added of late years, 
there is a relatively large number of communications 
inscribed, of which several are concerned ‘with the 
more recent theories. In the section for geophysics 
Prof. P. Mercanton, of Lausanne, and in the section 
for chemistry, Prof. A. Pictet and Dr. G. Baume, of 
Geneva, are reading papers. 

Tue third International Congress for Diseases of 
Occupation will take place under the presidency of 
Dr. F. von Haberler and Prof. A. Schattenfroh in 
Vienna in September, 1914. The subjects for dis- 
cussion will be :—‘tThe Physiology and Pathology of 
Fatigue, especially with Regard to Professional Work, 
Overwork, and Nightwork,” “‘ work in Hot and Damp 
Air,” ‘‘ Anthrax,” Pneumoconiosis,’’ ‘‘ Electrical In- 
dustrial Injuries,’’ ‘‘ Industrial Poisoning, especially by 
Anilin, Mercury, and Lead,” ‘‘ Industrial Injuries to 
and ‘‘ Independent Communications.” The 
general secretary is Dr. Ludwig Teleky, Vienna IX., 
23, Tiirkenstrasse. 

THE fourth 


Hearing,” 


International Congress of School 


Hygiene was opened at Buffalo on Tuesday last, and 
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will continue in session until Saturday next. The 
president is Dr. C. W. Eliot. The work of the con- 
gress is divided amongst three sections, devoted re- 
spectively to “‘The Hygiene of School Buildings, 
Grounds, Material Equipment, and Upkeep,’’ The 
Hygiene of School Administration, Curriculum, and 
Schedule,” and ‘Medical, Hygienic, and Sanitary 
Supervision in Schools.” 


THE eleventh International Conference on Tuber- 
culosis will be held in Berlin from October 22 to 25. 
Among the communications promised are the follow- 
ing :—‘‘ Clinical Forms of Koch’s Bacillosis at Differ- 
ent Periods of Life,’’ by Prof. Landouzy; ‘‘The Sur- 
gical Treatment of Pulmonary Tuberculosis,’’ by Dr. 
Brauer ; ‘‘ Life Insurance,’’ by Dr. K. Frankel; ‘‘ State 
Insurance and Schools for Children with a Tendency 
to Tuberculosis,” by Prof. Pannwitz. 


THE annual meeting of the International Association 
of Medical Psychology and Psychotherapy will take 
place at Vienna on September 19 and 20. 
secretary is Dr. L. Frank, 45, Ziirichbergstrasse, 
Ziirich. 


The general 


Tue death is announced, from Bonn, of Robert 
Rieder Pasha, the well-known surgeon, at the age of 
fifty-one years. In 1898 he became a professor in 
the University of Bonn. Afterwards he became In- 
spector-General of Medical Schools in Turkey, and 
received the title of Pasha. He remodelled the system 
of medical training in Turkey, and was responsible 
for the establishment of several hospitals and similar 
institutions in and near Constantinople, and returned 
to Germany in 1906. 


THE death is announced, in his fifty-sixth year, of 
Mr. C. Leslie Reynolds, superintendent of the National 
Botanic Gardens at Washington. He had been con- 
nected with the gardens for nearly forty years. 


THE death is announced, in his seventy-third year, 
of Mr. W. Whitehead, president of the British Medical 
Association in 1902, and from 1894 to 1900 professor 
of clinical surgery in the Victoria University of Man- 
chester. 


THE death is announced of Mr. J. R. Sheldon, a 
well-known agriculturist, at the age of seventy-three 
years. Mr. Sheldon was appointed to the chair of 
agriculture at the Royal Agricultural College, Ciren- 
cester, in 1877, being subsequently lecturer on dairy 
farming at Downton Agricultural College. He was 
the author of ‘‘ Dairy Farming” and ‘Live Stock in 
Health and Disease.” 


Tue late Sir Jonathan Hutchinson, F.R.S., left by 
will the following directions regarding his museums 
at Selby, Haslemere, and Chenies Street, London :— 
“IT leave the three museums at Haslemere, Selby, and 
22 Chenies Street, and their contents to my trustees 
upon trust to dispose of the same as they in their own 
absolute discretion shall think best, but my desire is 
that, without imposing any trust upon my said trus- 
tees, they shall dispose of my said museums and their 
contents in accordance with my wishes expressed to 
them during my life.” 
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By the will of Prof. Emil Chr. Hansen and his 
wife a fund bearing his name has been established. 
At intervals of two or three years, beginning in 1914, 
a gold medal bearing his effigy and accompanied by 
a sum of at least 2000 kroner is to be awarded on 
May 8 to the author of a meritorious publication on 
some microbiological subject, and recently published in 
Denmark or elsewhere. In 1914 the medal will be 
awarded to a worker in the field of medical micro- 
biology. The president of the board of trustees is 
Prof. S. P. L. Sorensen, the Chemical Department of 
Carlsberg Laboratory, Copenhagen, from whom all 
information may be obtained. 


On the closing day of the International Congress of 
Medicine, an address on the relationship between 
medicine and public health was delivered by the Presi- 
dent of the Local Government Board, the Right Hon. 
John Burns, M.P. He surveyed the saving of life 
which has been effected by the application of sanitary 
measures, the decline in such diseases as enteric and 
typhus fevers, which are due to local insanitary condi- 
tions, and the stages in the registration of disease, 
which has proved so powerful an agent in its control. 
Finally, a tribute was paid to the nursing profession, 
and the interesting fact noted that Florence Nightin- 
gale, who initiated our present nursing system, re- 
ceived her preliminary training in a German institu- 
tion, the Deaconess’s Institute at Kaiserwérth, on the 
Rhine. 


WE see by The Townsville Daily Bulletin (Queens- 
land) that the Australian Institute of Tropical Medi- 
cine at Townsville was officially opened on June 28 
by Sir William MacGregor, the Governor of 
Queensland, in the presence of many men _ of 
science and medical men. In the course of an 
inspiring address, Sir W. MacGregor traced the 
evolution of the movement for the foundation of the 
institute, giving especial credit for work done to the 
Rt. Rev. Dr. Frodsham, formerly Bishop of North 
Queensland, and to Prof. Anderson Stuart, dean of 
the faculty of medicine in the University of Sydney. 


He then spoke of the work to be done by the institute | 


in the following words :—‘‘ The field that lies open to 
this institute for investigation is vast and varied, 
covering as it does not only different races of men in 
health and disease in the tropics of Australia, in 
Papua, and in the Pacific Islands, but also all other 
creatures in the same great area, for in these times 
the transmission of many diseases from other beings 
to man is well known, typical of which is the ‘ Rossa 
Cycle’ in malaria; but there are many others, such 
as the Guinea worm, from a small cyclops; yellow 
fever, flaria, and dengue, from mosquitoes; tape- 
worm from domestic animals, &c. Research work in 
this institute will, however, not be limited to animal 
organisms, but will also embrace the vegetable king- 
dom, especially in the forms of foods and poisons; 
and now, in view of the researches of Dr. Erwin 
Smith on cancer in plants, caused by the Bacterium 
tumefaciens, and of the remarkable conclusions of 
Johnson, that the bud rot of the cocoanut palm is 
caused by B. coli, the pathology of the vegetable king- 
dom will demand much greater attention than has 
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hitherto been given to that subject. The institute \j] 
also concern itself with such elementary things ; 
earth, air, water, and sunshine; in short, with ever 
thing that influences the physical life of man in +) 
tropics. Researches in this institute will also embr: 
questions that concern industrial life in our tropics. 
Dr. Breinl’s work on nodules has already been of suc! 
a character as to demonstrate that the institute wij) 
be of much service to our flocks and herds, and }y 
important in our economic pursuits.” He then 
touched upon the investigations that will be carried 
out with reference to the effect of climate on thy 
white race in tropical Australia; the proper kind of 
houses to be erected for their use; the most suitab\ 
forms of food and clothing for them; the study o/ 
insect and bacterial life in disease; the economic work 
which will be undertaken, and the value of such an 
institution to the medical man who has to deal with 
diseases peculiar to the tropics. 


A SECOND report (the first was issued in 1910) on 
infant and child mortality, by the medical officer of 
the Local Government Board, Dr. Newsholme, has 
been issued by the Board. The task of the present 
report has consisted mainly in setting out the facts 
as to incidence of mortality, and in attempting to 
render conspicuous the experience of those towns or 
parts of towns in which an excessive sacrifice of 
child-life occurs. A great saving of child-life has been 
effected in the last few years, and a large portion of 
this decline has occurred in the towns now under 
report. It is satisfactory to find that this saving of 
life cannot be attributed merely to favourable climati 
conditions, but to some degree at least is the result of 
improved sanitary and housing conditions. In th 
first part of this report the detailed facts as to inci- 
dence of infant and child mortality are set out. In its 
second part the close interrelationship between defec- 


| tive sanitation, poverty and intemperance, and exces- 


sive mortality is discussed. In its third part, a 
preliminary statement as to child welfare work is 
given. 


Ir is announced in The Times that Mr. Peter Waite, 
of Adelaide, South Australia, is sending a collection 
of animals to the Scottish Zoological Park. The col- 
lection includes two kangaroos, four Bennett’s walla- 
bies, four rock wallabies, two emus, two Opossums, 
two eagles, two Tasmanian devils, two black swans, 
two magpie geese, and two ibises. The Adelaide 
Zoological Garden is sending two dingos, and Mr. 
S. S. Ralli, of Adelaide, two giant kingfishers. Mr. 
E. J. Robertson Grant, of Edinburgh, who is at pre- 
sent in the Argentine, has also intimated that he is 
getting together a collection of animals for the Zoo- 
logical Park, and will bring them with him when 
he returns to Scotland in November next.. 


HunGary possesses a Governmental institution for 
the scientific study of ornithology, the Magyar Kirdlvi 
K6ézpont, or Kéniglich Ungarische Centrale, to which 
has recently been added an anatomical department, 
the staff of which publishes its researches in the 
periodical Aquila. Dr. Greschik, one of the assistants, 
has made a renewed study of the microscopic structure 
of the rectum of some sixty kinds of native birds. 
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The histology of this class is usually treated somewhat 
cursorily in our text-books, mainly because of the 
minute size of the avine cells in comparison with those 
of other vertebrates. A number of good text-figures 
and a plate illustrate the details, most of which natur- 
ally can interest the specialist only, but there are also 
observations and conclusions, for instance, those con- 
cerning leucocytes and the protoplasmic rods of the 
cylindrical epithelial cells, which are of general physio- 
logic al importance. 

To The Field of August 23 Mr. R. I. Pocock con- 
tributes an article on the skin-glands of shrew-mice, 
in which it is pointed out that the gland on the flanks 
of the British species, which is generally supposed to 
emit the musky odour characteristic of these animals, 
is present only in the males. On the other hand, it is 
eveloped in both sexes of the Indian musk-shrew 
(Crocidura), as well apparently as in the Continental 
representative of that genus. It has been generally 
stated that the musky odour of all shrews is protective, 
but, in the members of the typical genus, if 
emitted by the gland, it must be a _ sexual 
feature, probably designed to attract the females. 
Before this can be definitely decided, it has to be ascer- 
tained whether the females of British shrew-mice are 
musky. If they are not, the numerous shrew-mice 
left dead by cats in gardens in autumn must probably 
all be males. Quite apart from the question whether 
the glands be its source, it seems, on the other hand, 
quite evident that in the Indian musk-shrew and its 
near relatives the musky odour is highly protective, 
rendering these animals obtrusive and “ self-advertis- 


it be 


ing. 

THE current number of The Quarterly Journal of 
Microscopical Science (vol. lix., part 2) contains a 
very interesting article by Mr. E. S. Goodrich on 
metameric segmentation and homology. He discusses 
the well-known difficulty that organs which are un- 
doubtedly homologous, inasmuch as they can be traced 
back to corresponding parts in a’ common ancestor, 
may nevertheless occur on different segments in 
different representatives of a group. The paired limbs 
of vertebrates are cited as typical illustrations of the 
problem. These shift backwards or forwards during 
the course of evolution in the mest perplexing manner. 
Mr. Goodrich holds that, in order that they may be 
regarded as strictly homologous, it is not necessary 
that organs should be developed on corresponding 
segments in different types, and he accounts for their 
variation in position by a process of ‘ transposition,” 
rejecting the theories of intercalation and excalation of 
segments, re-division of the body and migration of 
the organs in question. 

THe August number of The Museums’ Journal is 
chiefly devoted to reports of the recent conference of the 
Museums’ Association at Hull, including the presi- 
dential address delivered by Mr. E. Howarth. It is 
illustrated with a portrait of the president, and a 
photograph of the members of the association at 
Burton Constable, the seat of Major Chichester- 
Constable. 

Ix the second volume o2 insects in The Cambridge 
Natural History it is stated that the family Fulgoridz 
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‘““includes the so-called lantern-flies, in which the front 
of the head forms a huge proboscis that was formerly 
believed to be luminous.’’ In the August number of 
The Zoologist Mr. H. W. Bell-Marley records the 
emission of light by the adult of a Natal species 
(Rhinorthra guttata), as well as by 
dopterous larvz with which it is infested. 


parasitic lepi- 


The Scientific American announces an alteration in 
the system of issue of publications by the United States 
Department of Agriculture. The old independent 
series of bulletins and circulars of the thirteen pub- 
lishing bureaus, divisions, and offices of the depart- 
ment have been discontinued and will be superseded 
by a new Journal of Research for printing scientific 
and technical matter, and by a departmental series of 
bulletins, written in popular language for selected and 
general distribution. By this plan the confusion that 
has resulted from the multiplicity of series of publica- 
tions will be avoided, and the saving of a considerable 
sum will annually be effected. Under the new plan 
the department will discontinue the general distribu- 
tion of matter so scientific or technical as to be of 
little or no use to the lay reader. It will supply tech- 
nical information only to those directly interested and 
capable of using scientific analyses, and of under- 
standing the results of research work couched in 
scientific terms. A larger amount of information in 
popular form which the average reader can imme- 
diately apply to his own direct advantage will here- 
after be distributed. 

WE have received from Dr. J. H. Maiden a reprint 
of the presidential address delivered by him last year 
to the Royal Society of New South Wales. This 
address ranges over a wide and varied field, and 
contains much that is of general interest, including 
obituary notices and memoirs of Sir Joseph Hooker, 
Lord Lister, and Baron von Mueller. Reference is 
made to the forthcoming Melbourne meeting of the 
British Association and to other scientific matters of 
Australian interest, such as the Northern Territory 
Expedition of 1911, the exploration of Antarctica, the 
centenary of the Sydney Botanic Gardens, &c. 
After dealing with some botanical matters, such 
as the teaching of botany, a plea for a_ botanical 
survey and a new census of New South Wales plants, 
Dr. Maiden proceeds to set forth in some detail his 
views regarding the functions of a botanic garden, 
with suggestions as to work in phyto-chemistry and 
other practical proposals for increasing the usefulness 
of botanic gardens in Australia or elsewhere. 


Dr. W. A. Cannon. of the Carnegie Institution 
Desert Laboratory, Tucson, Arizona, has torwarded a 
reprint of an interesting paper on some features of 
the root systems of desert plants (Popular Science 
Monthly, vol. 1xxxi). Among desert shrubs there are 
three main types of root system: (1) the superficial 
type, in which the roots extend horizontally from the 
plant axis, and lie near the soil surface; (2) the tap 
root, which goes directly down to a depth determined 
partly by the character of the soil, partly by the pene- 
tration of the rains and partly by the character of the 
root itself; (3) the generalised type of root, which not 
only reaches widely, but also penetrates fairly deeply. 
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The third, or generalised type, is characteristic of 
the great majority of desert plants; the prevalent idea 
that the roots of such plants are usually very long has 
no adequate foundation. The author adds interesting 
notes on the environment of the roots of desert plants 
—height of water-table in the soil, soil temperature, 
soil air, &c.—and indicates the problems which are 
being investigated at the Desert Laboratory with 
regard to the relation between desert plants and the 
soil. 

Tue relative value of strong and weak wheats is a 
controversial question which has more than once 
engaged attention in the columns of Nature. The 
former type of wheat yields flour which is preferred 
by the professional baker in large cities for a number 
of reasons, and therefore commands a higher price. 
It has come to be considered of higher quality, and it 
is at present the object of wheat breeders all the world 
over to convert the indigenous weak wheats into 
stronger varieties. It is generally stated (for example, 
Humphries, Royal Society of Arts, 1909, 239) that the 
wheats which yield flour better suited for British con- 
sumption (by which the manufacturing centres and 
towns are implied), do not suit the native Indian 
requirements so well; indeed, wheat is more often 
consumed by the natives in the form of coarse cakes 
toasted by the side of an open fire than in the form of 
the light, well-risen loaf known to us. However, Mr. 
and Mrs. Howard, whose work in improving Indian 
wheats is reccivipg wide recognition (see NarureE for 
August 7, p. 586), write to say that they do not agree 
with this view of the question, and they claim that 
the class of wheat preferred by the people of India 
for their own food is the same as that in greatest 
demand in the English markets. Mr. and Mrs. 
Howard realise fully (Agric. Journal of India, iii., 
p. 31) that any improvement in the quality of wheat 
to be of importance must satisfy both the people of 
India and the home millers. 

THe cultivation of tobacco in the Nyasaland Pro- 
tectorate would appear to be full of promise, if one 
may judge from the report of the director of agricul- 
ture for the past year. During the period 1902-12 
the total export of tobacco has increased from 60 Ib. 
to 23} million lb., and the locally grown material so 
strongly resembles Virginian-grown tobacco that it 
is readily absorbed by the trade. In view of the large 
grants which have been made from the Treasury 
towards the cultivation of smali quantities of inferior 
tobacco in Ireland, it is certainly striking that so 
much progress has been made in Nyasaland, even 
without the assistance of a tobacco expert. The 
claim is made that the possibilities of the Protectorate 
for tobacco-growing are probably greater than those 
of any other part of the British Empire. 

A USEFUL note on ‘Thunderstorm Statistics of 
Egypt” is contributed by Mr. E. W. Bliss to The 
Cairo Scientific Journal for June. The data are sum- 
marised from a list of all available records of storms 
prepared by request of the Cairo Department of 
Ordnance by the Meteorological Service, and refer 
chiefly to observations at Abbasia between 1868 and 
1912. A table including both slight and severe storms, 
and also many cases where only lightning was ob- 
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served, shows that during the above period electric;| 
discharges were experienced on 180 days only. Cases 
occurred in each month except July, the majority 
being in October and November, and their rarity b: are 
out a statement previously made that in Egyp; 
thunderstorms are comparatively few in number, 
Storms accompanied by hail or heavy rain, or which 
did damage to buildings, only amounted to tweity. 
eight in the forty-five years, an average of ratier 
more than one in two years. The discharges appear 
to occur most frequently during the evening hours. 


Tue Canadian Department of the Naval Service, 
Ottawa, has issued a useful pamphlet on ‘“ The cur- 
rents in the entrance to the St. Lawrence,” from 
investigations of the tidal and current survey in th 
seasons of 1895, Ig11, and 1912. The most modern 
methods were employed in the investigation; the tem- 
perature and density of the water, and complet 
meteorological observations were also taken. Between 
the Gaspé coast and Anticosti the currents present ; 
complete contrast in their behaviour; on the one shore 
there is a current flowing always in the same dirvc- 
tion, while on the other the set is weak and con- 
tinually veering. One of the chief endeavours has 
been to reduce these currents to law, and in the casi 
of the Gaspé current it has been largely success{ul. 
Although the veering currents are weak, and at times 
irregular, it has been possible to prove that the tide 
has a dominating influence upon them, and that their 
directions during flood and ebb are fairly definite as a 
rule. The features of both currents are discussed in 
considerable detail. 


Tue July number of Himmel und Erde contains the 
address delivered by Dr. M. Laue on taking up his 
professorship at Ziirich in December last. Naturally, 
it deals with the new field of research opened up by 
his own experiments on the reflection of Réntgen 
rays by crystals. From the results obtained by him- 
self, and by others who have repeated his experi- 
ments, he concludes that the wave theory of the 
constitution of Réntgen rays is in much closer accord 
with the facts than the form of emission theory adyo- 
cated by Prof. Bragg. The difficulties in the way oi! 
its general acceptance are not greater than those with 
which the wave theory of light has to deal, and the 
rejection of the wave theory in one case would necessi- 
tate its equal rejection in the other. 


In a paper read before the American Institute of 
Electrical Engineers in March last, Mr. C. Fortescue 
showed how the excessive concentration of electrical 
stress which is to be found at certain parts of the 
insulation of electrical apparatus could be replaced 
by a uniform stress of much smaller amount. A 
short account of the electrostatic theories which 
underlie Mr. Fortescue’s method is given by Proi. 
W. S. Franklin, of Lehigh University, in the July 
number of the Journal of the Franklin Institu 
Prof. Franklin shows that the two propositions—<n 
equipotential surface may be to any extent replaced 
by a thin metal sheet without disturbing the field, and 
a closed metal shell screens its inside from outside 
effects—form the basis for most of the devices suv- 
gested. Taking the field round a charged wire or 
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that between two charged wires as his starting point, 
he builds up by simple processes the most important 
practical cases. His paper concludes with a warning 
against the frequent use of the idea of potential in 
cases in which the simpler one of the electric field will 
give all the required information. 


OUR ASTRONOMICAL COLUMN. 


THe ORIGIN OF SOLaR ELEcrrRicity.—Among_ the 
many interesting papers concerning astrophysical 
matters which appear in No. 8 of the Monthly Notices 
of the Royal Astronomical Society, attention may be 
directed to a convincing contribution to our know- 
ledge of the agencies originating the vast solar elec- 
trical phenomena demonstrated by the brilliant re- 
searches effected at Mount Wilson. In a paper under 
the above title Dr. J. A. Harker applies the results 
of laboratory work conducted in collaboration with 
Dr. G. W. C. Kaye at the National Physical Labora- 
tory to the explanation of cosmical phenomena. This 
experimental work has shown that at very high 
temperatures the vapours in the tube resistance 
furnace become highly conducting, and that under 
the same condition most refractory substances emit 
electricity carried by particles many times the mass 
of an atom of the substance. Calculations show 
that the measured emissivity of carbon at about 3000° 
C. would be ample to account for solar currents of 
magnitude sufficient to give rise to the intense mag- 
netic fields Professor Hale has shown to be probably 
found in sun-spots. 

THe TRUE FORM OF THE EARTH, AND ITS INTERNAL 
ConstiruTion.—Dr. A. Veronnet contributes a dis- 
cussion of these subjects to No. 13 of the Revue 
Générale des Sciences. It is now known that this 
“somewhat irregular round body”’ on which we live 
has a rough sort of tetrahedral shape, but maihe- 
maticians must have a more generalised form, and 
thus for them the geoid is an ellipsoid of rotation of 
which the inverse of the eccentricity is about 297. Dr. 
Veronnet criticises the various formulz which have 
been suggested to represent the hypothetical generat- 
ing curve, and has himself proposed a new one. By 
considering the effect of variations of density and 
velocity of rotation limits are determined for the 
above-mentioned ratio, and it is shown that if the 
above value, found by Helmert, is supported, then the 
earth rotates as one piece. The author is also led to 
make some interesting conclusions regarding the 
effect of tides and causes of earthquakes. 


CosMOLOGICAL HypoTHEsES.—At the Science Con- 
gress held at Lourengo Marques, Mr. R. T. A. Innes, 
of the Transvaal Observatory, dealt with this subject, 
and added one hypothesis more which he referred to 
as “the explosion hypothesis.”’ He assumes that 
matter will not indefinitely submit to continued reduc- 
tion of volume under indefinitely increasing gravita- 
tional pressure, but that a time will come when this 
pressure will ‘‘break into the atomic structure of its 
matter and cause explosions.’’ By such explosions the 
sun threw off the planets and the latter their satellites ; 
in other stars they caused the formation of multiple 
systems; new stars are due to the eruptive outbursts 
accompanying the explosions, and when on a smaller 
scale and rhythmical they are responsible for the 
phenomena of variable stars: Mr. Innes, we may 
remark, has shown an _ inexplicable eclecticism in 
choosing his foundation facts; for example, he has 
ignored the harmonious results obtained by modern 
workers on the temperatures of the individual stars, 
but has selected a contrary opinion to the effect that 
solar type stars are hotter than the white stars. 
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MAGNETIC SURVEYS.} 
HE introduction tells us that this is the first of a 
series of volumes to be published dealing with 
the researches of the department of terrestrial mag- 
netism of the Carnegie Institution of Washington, 
founded in April, 1904. These volumes, while prin- 
| cipally on terrestrial magnetism, will contain memoirs 
/ on allied subjects, such as atmospheric electricity. 
The present volume treats of all the magnetic observa- 
tions made on land by the department from the begin- 
ning of its observational work in 1905 up to the end of 
1910. These observations are directed towards the 
| accomplishment of one of the principal objects which 
| the department has in view, viz. the acquisition of 
| the data necessary for a general magnetic survey of 

the earth. 

| The first fifty pages deal with the general methods 
of work, the selection and description of stations, and 
especially with the field instruments and the taking 
and reducing of observations. The observational in- 
struments—magnetometers, dip circles, and dip induc- 
| tors—and auxiliary appz aratus are handsomely illus- 
| trated in plates 2 to 6. Much experience of field-work 
has accumulated of late years at Washington, and the 
instructions to observers merit the careful attention 
of all interested in survey work. Pp. 51-6 
introduce us to the results of the observations, which 
are chronicled in the later part of the volume. On 
p. 53 is a list of thirty-five observers whose work is 
included. Amongst them are several eminent 
foreigners, including Prof. Palazzo, of Rome, and 
Profs. Beattie and Morrison, cf South Africa, who 
have observed for a time under the auspices of the 
Carnegie Institution. The stations observed at 
number almost 1300, of which more than 1200 are 

outside the bounds of the United States. 

Of the continents, Africa shows the largest number 
of stations, 386, the great majority of which were 
| occupied in 1907 and 1908 by Profs. Beattie and Mor- 
rison. Of the 328 stations in North America, 189 
were in Canada or Newfoundland, fifty-nine in Central 
America, and nine in Greenland. Asia there were 
308 stations. Of these 142 were i 
| mainly by Messrs. Edmunds and Sowers—thirty-seven 
| in Persia, thirty-two in Russian and eighty-one in 
| Turkish territory. The observations in Asiatic Turkey 
| 
| 
| 


were due mainly to Mr. Sligh, but partly to Mr. J. e 
Pearson. The latter gentleman seems to have taken 
| all the observations in Persia and in Asiatic and 
European Russia, and most of those in Egypt. He 
also observed in Canada, in European Turkey, at 
Pola, Potsdam, and Kew Observatories, and was 
amongst the crew of the surveying ship Galilee, who 
observed in Japan, Australia, and New Zealand. His 
experiences as a traveller should be of interest. Of 
| the remaining stations, 111 were in South America, 
| and 119 in numerous islands in the Pacific and Atlan- 
tic Oceans. 
| The tables of results, pp. 58-100, give for each 
station the geographical coordinates, the date and 
| hours of observation, the observed values of magnetic 
declination, inclination, and horizontal force, the in- 
struments used, and the observer’s initials. Pp. 1o1- 
120 contain interesting extracts from the reports 
made by the several observers. The rest of the 
| volume is occupied by minute descriptions of the 
| stations, to facilitate their identification. An artistic- 
ally attractive feature is the reproduction in plates 1 
and 7-10 of a number of fine photographs, showing 
a selection of the stations occupied or scenes in their 
neighbourhood. 

1 ‘* Researches of the Dee of Terrestrial Magnetism. Land Mag- 
| netic Observations 1905-10.” A. Bauer, Director of the Department. 
| Pp. 185+10 plates. Washington, D.C. : Published by the Carnegie Insti- 

tution of Washington, 1912.) 
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The work is a striking example of what can be done | native elm “‘leaf-curl” aphid (Schizoneura ulmi) jg 


when scientific zeal and business capacity have behind 
them resources such as those of the Carnegie Institu- 
tion. Dr. Bauer and the staff of the department of 
terrestrial magnetism—both those who took the ob- 
servations and those who did the necessary office work 
—are to be congratulated on the progress made 
towards the achievement of one of their principal 
objects of ambition, a general magnetic survey of the 
globe. C. CHREE. 


ADVANCE IN ECONOMIC ENTOMOLOGY. 


is the attention paid by medical experts to the 
study of insects. Capt. F. W. Cragg, of the Indian 
Service, has lately published two Scientific Memoirs 
(Nos. 54 and 55) of the Medical and Sanitary Depart- 
ments of the Government of India, which are of 
importance to students of the anatomy of Diptera. 
Both memoirs deal with blood-sucking species, No. 54 
with Philaematomyia insignis, and No. 55 with 
Haematopota pluvialis. The excessively small number 
of males of the latter fly is believed by Capt. Cragg, 
after examination of the genitalia of the female insect, 
to be explained by heavy mortality as the result of 
pairing. We notice that the bibliography of this 
paper contains some remarkable misprints, of which 
“Verh. yool-bat. Gas. Wein” is worthy of record as 
a piece of unconscious humour! The last published 
part of the Bulletin of Entomological Research 


generally regarded as distinct from S. americana, and 
identical with the polyphagous root-feeding form, S, 
fodiens. 

The gipsy moth (Porthetria dispar) and the brown. 
tail moth (Euproctis chryssorhoea) are well-known 
examples of European insects which, having been 
introduced into America, have become there very 
serious pests. From among the voluminous writings 
of forest entomologists on these species, one or 1\ 
recent papers are worthy of especial notice. A. Ff, 
Burgess gives an account (U.S. Dept. Agric., Entom. 


‘ Bull. 119, 1913) of the means by which the gips 


| in form of 


y NOTABLE feature of recent biological research | moth extends its range. 


On account of the excessiy, 
weight of the female’s body, she is unable to |) 
though provided with wings, and the spread of th 
insect from place to place is carried on mostly during 
the larval stage. The caterpillars are often artificially 
though unwittingly transported by farm carts, and it 
appears that one generally unrecognised evil result 
of automobile traffic is that these destructive insects 
are carried far more widely and rapidly than formerly 
by the passage of motors along main roads which ar 
bordered by infested woods. The young larve, how- 
ever, are provided with a natural means of dispersal 
long hairs, which enable them to lh 
carried by wind for considerable distances. Som: 
ingenious experiments on this subject have been mad 


| bv erecting tall platforms provided with traps in which 


| the little caterpillars 


are caught on their aérial 


| journeys. 


(vol. iii., part 4, December, 1912) contains valuable 


systematic papers on blood-sucking Diptera, by Mr. 
E. E. Austen and Prof. R. Newstead, and some very 
usetul diagnoses of the larval stages of African mos- 
quitoes, by Messrs. F. W. Edwards and A. T. Stanton. 

The same number of the bulletin is noteworthy for 
a suggestive paper by Dr. J. Dewitz on the bearing 
of physiology on economic entomology. The author 
points out, for example, the importance of a precise 
knowledge of the effect of stimuli due to light of vary- 
ing intensity and wave-length if luminous traps for 


| tried the experiment of 


F. 
| 1912). 


As these destructive insects were introduced from 
Europe, the American entomologists have naturally 
importing some of their 
natural enemies, and an exhaustive report on this 
subject has been published by Dr. L. O. Howard and 
Fiske (U.S. Dept. Agric., Entom. Bull. 91, 
To summarise the mass of material in this 
bulletin is impossible, but the magnitude of the work 
undertaken may be judged from such a fact as that 
11,000 egg-clusters of the brown-tail moth were im- 


| ported from Europe in the autumn of 1906, and 40,000 


destructive moths are to be used to the best advan- | 


tage. Temperature is also found to be a factor in 
the working of this reaction; ‘“‘the colder the night 
the fewer the females (and in particular females 
with eggs) that are caught by acetylene trap-lamps.” 

In a lately issued bulletin (Entomology, No. 113) 
of the U.S. Department of Agriculture, Messrs. 
W. D. Hunter, F. C. Pratt, and J. D. Mitchell 
describe the principal cactus insects of the United 
States. The ‘prickly pears’? (Opuntia) are well 
known as furnishing food and habitation for the 
cochjneal insect; since the decline of the cochineal 
industry, however, these plants were regarded rather 
as noxious weeds until the recent recognition of the 
fact that they furnish valuable fodder for cattle. In- 
sects which injure them are therefore regarded as 
economically important, and in this short memoir a 
number of species of various orders are described and 
figured. 

Some very important observations are contained in 
a small bulletin (No. 203) issued by the Maine Agri- 
cultural Experiment Station in 1912. Miss Edith M. 
Patch has apparently shown that the aphid causing 
“leaf-curl” on the elm (Schizoneura americana) 
migrates in spring to the apple and other Rosacez, 
and becomes the parent of the aérial colonies of the 
notorious woolly aphid, S. lanigera. The elm is thus the 
normal host of the sexual forms in autumn, and the 
apple is to be regarded as an “intermediate” host. 
The extreme rarity of sexual forms of S. lanigera on 
apple in these countries may perhaps be explained by 
a similar unsuspected migration here, though our 
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specimens of a single species of hymenopterous egg- 
parasite, Pteromalus egregius, reared from these wer 
turned out in New England woodlands during tli 
succeeding spring. Many valuable bionomic details 
with regard to the parasites are recorded, and refer- 
ence is made to attempts—successful or otherwis« 
to introduce predaceous enemies of other harmful in- 
sects into countries where the latter have themselves 
obtained a foothold. A short special paper on a 
cognate subject is R. S. Woglum’s report on a trip 
to India and the Orient in search of the natural 
enemies of the Citrus white-fly (Aleyrodes citrt); 
this forms Bull. 120 of the Entomological Bureau of 
the U.S. Dept. Agric. 

A much-needed systematic monograph of the 
white-flies,”’ or ‘‘snowy-flies”’ (Aleyrodida) is com- 
menced by A, L. Quaintance and A. C. Baker in the 
Technical Series, No. 27, of the same bureau. These 
insects are allied to the Coccidze and Aphididz, but 
have received far less attention from entomologists 
than those two families. In the work now begun 
their structure, classification, and bionomics are dealt 
with as fully as possible in the present state of know- 
ledge; ultimately the authors think that the family 
may prove as rich in species as the Coccidz or Aphids. 

Another valuable systematic paper of economic in- 
terest is Prof. M. Bezzi’s memoir on Indian Try- 
paneids, or fruit-fliles (Memoirs Indian Museum, 
vol. iii., No. 3, 1913). These are small Diptera in- 
cluded in what used to be known as the “‘ acalypterate ” 
series of the Museidz. The careful, svstematic study 
of such insects is of importance, and Dr. Annandale, 
the director of the Indian Museum, is to be con- 
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gratulated on having obtained the help of such an 
eminent European student as Prof. Bezzi, of Turin. 
The Imperial Bureau of Entomology begins this 
year to supplement the Bulletin of Entomological 
Research by a Review of Applied Entomology, issued 
in two series—A, Agricultural, and B, Medical and 
Veterinary. Containing records of recent literature, 
with full summaries, these publications cannot fail 
to be valuable to students of insect life. 
B.C. 


METEOROLOGICAL REPORTS. 
WE have received the meteorological observations 

made at the Hamburg Astronomical Observatory 
for 1910-12, ‘This institution was established in the 
town of Hamburg in 1825, and was for many years 
under the able superintendence of Dr. Riimker; it is 
now situated at Bergedorf, 19 km. E.S.E. of its former 
position, and is under the superintendence of Dr. 
Schorr. Very complete and careful observations are 
made five times daily; the amount of cloud is also 
given for each hour between 6h. p.m. and 6h. a.m. 
The sunshine is recorded by Campbell-Stokes (burn- 
ing) and Jordan (photographic) instruments. The 
average annual difference in the possible percentage 
for 1910-12 is 6-7 in favour of the Jordan recorder. 
Although the observations are not strictly comparable, 
we should not have expected so much difference. An 
interesting comparison of temperature and humidity 
in English and French screens is made with the read- 
ings of an Assmann’s aspiration psychrometer. The 
hourly means of temperature in both screens are 
generally higher than those of the psychrometer; the 
greatest differences occur in daytime, especially in 
the French screen (open at bottom), but at the gh. 
p.m, observation the reverse obtains. Humidity in 
the screens is generally higher than the readings of 
the psychrometer, especially during summer. 

The report of the Sonnblick Society for the year 
1912 contains the results of the meteorological observa- 
tions on the summit of the Sonnblick, Salzburg 
(3105 metres), for twenty-five years, 1887-1911, pre- 
pared by Hofrat Dr. J. v. Hann. The mean monthly 
temperatures were :—January, —13-3° C. (February, 
—14:0°); July, 09°; year, —66°; mean of absolute 
extremes, 9:5°—29-7°. Mean yéarly precipitation, 
1715 mm., on 216-7 days. Fog was observed on 251-5 
days. The mean yearly sunshine was 1496-9 hours, 
being 35 per cent. of the possible amount. The dura- 
tion of sunshine varies greatly in different years; 
September, 1895, had 241 hours, August, 1896, only 
eighteen hours! November and January have rela- 
tively the most sunshine, May and June the least. 
Winter and late autumn are the brightest seasons, 
April to June the dullest months. Among other use- 
ful summaries contained in the report we may mention 
the observations at the summit of the Donnersberg, 
Bohemia (835 metres), for the years 1905-9. The 
observatory is attached to the German University at 
Prague, under the direction of Prof. R. Spitaler. 

The report and meteorological observations at the 
Royal Observatory. Hong Kong, for the vear 1912 
have reached us; the results have been carefully pre- 
pared by Mr. T. F. Claxton, formerly director of the 
Mauritius Observatory. The tables include hourly 
values of the principal elements, five-day means, and 
results of magnetic observations. The mean annual 
air-temperature, 71-9°, was about normal; maximum, 
025°, in September; minimum, 45-3°, in December. 
The rainfall, 63-9 in., was about 20-5 in. below the 
average. The colony was not actually visited by a 
typhoon, but the tracks of those and of the more im- 
portant depressions which occurred in the Far East 
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during the year are shown on two plates. A weather 
map and reports from about forty stations are issued 
daily; the forecasts drawn from these data for various 
districts show a very high percentage of success. A 
large amount of data is extracted from ships’ logs; 
this is utilised in determining typhoon tracks, and to 
some extent for the eventual publication of pilot 
charts of the Pacific for the area 9° S. to 45° N. 
latitude, and 100° to 180° E. longitude, divided into 
two-degree squares. 


HORTICULTURAL INVESTIGATIONS AT 
THE WOBURN EXPERIMENTAL FRUIT 
FARM.} 

= a flower, such as that of an apple-tree, 
there is a tubular structure in the centre, 

forming the female portion of the flower, and that 

is surrounded and overtopped by a number of rods, 
bearing at their extremities sacs of pollen, this con- 
stituting the male element. When a grain of pollen, 
either of the same or another flower, enters the 
central tube, or pistil, fertilisation occurs, and a seed, 
or pip, begins to form near the base of the pistil. 

As it develops, the woody substance surrounding it, 

which is really a portion of the stalk of the tree, 

gradually swells to a remarkable extent, and even- 
tually forms the fleshy or edible portion of the fruit. 

We commonly call it the fruit, but it is only a meta- 

morphosed portion of the mother-tree: the real fruit 

of the tree, the progeny of male and female elements, 
is the pip. When this is sown in the ground, it 
germinates, and eventually forms a new tree, which, 
though probably showing some resemblance to its two 
parents, will be a new variety, and will not bear 
apples of the same sort as the mother-tree. One 
reason which makes it all the more improbable that 

a pip will give rise to a tree bearing fruit like that 

of the mother-tree, is that in many cases the female 

portion of the flower cannot be fertilised except by 
pollen from a tree of a different variety. 

As it is impossible to reproduce a fruit-tree of any 
given variety from seed, other methods of multiplica- 
tion must be adopted, namely budding or grafting. 
A young tree of a similar character is taken (the 
stock), and in the one case a bud, or in the other case 
a twig (scion), from the tree to be propagated is united 
with the stem of the stock. All the growth arising 
from this bud, or buds, is similar to that of the tree 
from which it was taken; the stock acts as little else 
than a channel for conveying nourishment to the in- 
grafted buds; yet it does exert a certain influence on 
the character of the growth of scion. For apples we 
use two classes of stocks; the one, the crab stock, 
is obtained by sowing the seeds of crab-apples, and is 
characterised by forming a scanty number of roots, 
but these are stout, and have a tendency to obtain 
deep hold of the ground; the other, the paradise 
stock, is derived from a French variety of apple, and 
forms a much larger number of roots, but smaller, 
and tending to spread out near the surface of the 
ground. The grafted tree partakes of the character 
of the roots of the stock; on the paradise stock it 
becomes more spreading in its habit, and grows less 
vigorously than on the crab stock, and, whilst the 
former is more suitable for growing trees in the bush 
form, the crab stock is more suited for standard trees. 

In the case of pears, the corresponding stocks are : 
the pear stock for standard trees, and the quince stock 
for bush trees. 

It must be remembered, however, that the effect of 
the stock on the growth of a tree is a subsidiary 
Friday, 


1 From a discourse delivered at the Roval Institution on 
February 21, by Mr. Spencer U. Pickering, F.R.S. 
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matter; the characteristics of the growth are mainly 
dependent on the nature of the scion. 

During removal of a tree from the nursery to the 
plantation many of the roots are destroyed, and nearly 
all of them are injured. The seat of growth of a 
root is situated at the extreme tip of the root, the 
power of multiplication being confined to a few meri- 


stematic cells which are centred there, these being pro- | 


tected only by some layers of outer cells, known as 
the root-cap, which are continually being rubbed off 
and reproduced from the meristematic cells, as the 
root forces its way through the earth. The whole 
root-tip is very minute, and when it is destroyed, 
growth becomes impossible; but there are certain cells 
situated at intervals along the roots which are capable 
of becoming modified and giving rise to new root- 
tips, just as there are cells in the branches capable of 
developing into buds if all the visible buds of a tree 
are destroyed. 

When a tree is removed from the soil, most of 
the root-tips will inevitably be broken off, and the 
rest will become dried up by exposure to the air, so 
that the damage to the roots must be serious. But 
the well-being of a tree depends on the balance be- 
tween roots and branches, both of which supply cer- 
tain, but different, elements necessary for growth, 
and this serious damage to the roots can only be 
counterbalanced by damaging the branches to a corre- 
sponding extent. This is done by severely pruning the 
branches, cutting them back, as it is termed, to 
about one-third of their length. The effect of omitting 
this operation is often disastrous; the tree may be- 
come permanently stunted, and even, in the case of 
plums, which tend to bear heavily after moving, it 
may be fatal. 

Though good horticulturists agree as to the neces- 
sity of cutting back after transplanting, they differ 
as to the time when this should be done. The results 
of our experiments on a large number of trees show 
that the time of cutting back makes little difference 
to the ultimate size of the tree, so long as it is not 
performed while the tree is in active growth, 
If it is done in the summer, however, the 
tree receives a_ serious check, from which it 
does not recover for at least the next seven 
vears. Deferring the cutting back until the follow- 
ing winter does not give the tree any such check as 
regards its growth, but it affects its fruiting. Such 
deferred cutting back is generally followed in the 
second year by vigorous growth, the tree making up 
fo: the absence of growth during the first year, and 
it perseveres in this habit of growing in subsequent 
years, when it ought to be growing and fruiting as 
well, 

Passing on to the question of the annual pruning 
of a tree; it is a common belief that the more you 
prune a tree the more it will grow. It seems fairly 
obvious that, even if true at all, this must be true 
only within certain limits; and, as applied to young, 
freely growing trees, it appears to be auite untrue. 
Various plantations of similar trees at Woburn have 
been systematically pruned to different extents during 
the seventeen vears since they were first planted, and 


the photographs of average specimens from these |! 


plantations are sufficient to show that, as regards the 
genera! size, the trees which have never been pruned are 
larger than those which have been pruned moderately, 
and these again are larger than those which have been 
pruned hard. What may be noticed as to the latter 
is that it is a sturdier tree than that pruned mode- 
rately, the trunk and main branches having gone on 
swelling, while the extension of the branches was 
prevented by the severe pruning. On the other hand, 
the unpruned tree, as might naturally be expected, is 
somewhat straregly and not well shaped. 
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| to 24, 12, and 6 in., respectively. 


| as they had been less pruned (Fig. 1). 


another 


| stock, 


Another experiment will illustrate the extent 4 
which pruning is opposed to growth. Four strict) 
similar twigs, 36 in. long, were selected on the sam 
tree : one was not cut back, the others were shortene 
At the end of th 
following season the weight of these twigs (taking 
the average of many series) was in the proportion 
of 562: 310:178: 100, and from every point of vie, 
the growth of the twigs had been greater in proportion 
In addition t 
this, it was found that there were more fruit-buds 
and, therefore, a greater promise of fruit, the less thy 
twigs were pruned; the relative proportions of fruit. 
buds in these cases were 314: 238: 165: 100. 
this promise is actually fulfilled in practice is proved 
by the records of the crops borne by plantations 
similar trees which have for many years been pruned 
to different extents. In one case these ‘plantation, 


Phat 


| contained three different varieties of apples; it was 


found that during the first five years, and also during 
the second five years, the unpruned trees bore twice 
as much, and 
the hard-pruned 
ones little more 
than half as 
much, as_ the 


| trees which had 


been pruned 
mo derately. 
These trees were 
on the paradise 
stock; but the 
same was found 
to be the case 
with apples on 
the stock, 
for we have 
planta- 
tion where 117 
different varie- 
ties of apples are 
grown, four 
trees on the one P i 


and four 


on the other; in | 


each case 
Fic.1.—Four similar shoots cut back to differest 


half of them 
have been 

extents, showing the different growth made by 
them. 


one- 


\e \ 
\ 
44 \ 


pruned lightly, 
and one-half 
heavily, and in 
both cases the 
crops from the 
latter have been fess than one-half of those from the 
former. 

What has surprised us is that the heavier crops in 
these cases have not been accompanied by any seriqus 
diminution in the size of the individual fruits. 

It is thus established as a fundamental principle, that 
the less pruning there is, the more will a tree grow, 
and the more fruit will it bear. But this does not 


| mean that we should dispense with pruning altogether. 
| The chief object in training a young tree is to make 


it sturdy and well-shaped, so that it will be 
capable of bearing a heavy crop when it comes to 
full maturity; to effect this, the extension of the 
branches must be checked so as to give the stem and 
main branches time to fill out, and occasionally a 
branch will have to be removed altogether, either to 
admit light and air into the tree, or to prevent it 
rubbing against other branches. To what extent this 
pruning should be carried, and for how long it should 
be continued, must depend on the habit of the tree. 
Instances of injury through the absence of pruning 
may be seen in nearly any farm orchard throughout 
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the country; but examples of over-pruning are almost 
as general, and are to be found in most private gar- 
dens, where the stunted trees throw out every year 
thickets of twigs, serving no other purpose than that 
of feeding the bonfire. 

Besides the annual branch-pruning there are other 
ope rations included under the term pruning, but the 
only one’to which I can now allude is root-pruning. 
In this the roots are unearthed and cut back, with 
the view of increasing the fruitfulness of the tree. 
The check which such an operation gives to the 


growth is very severe, and if carried to excess, will 


kill the tree entirely. It is evidently one which should 
be undertaken only in very exceptional circum- 
stances, such as where the tree is showing rampant 
growth, and will neither flower nor fruit. We hear 


little of root-pruning except in private gardens, and 
we should scarcely ever hear anything of it there if 
a more rational system of branch-pruning were 
adopted. When the branches are, cut away to an 
excessive extent, the balance between branch and root 
can only be restored by cutting the roots away too. 
But to injure the tree in one way, and to attempt to 
correct matters by injuring it in another way, is not 
a very intelligent procedure. 

Passing to the problems connected with the trans- 
panting of a tree; during this operation many of the 
old root-tips are torn off in lifting the tree, but others 
are killed by becoming dried up on exposure to the 
air. Some exposure is always inevitable, and in most 
cases several days elapse between the lifting and the 
planting of a tree. It is of great importance, how- 
ever, that this exposure should be reduced to the 
narrowest limits. A number of trees were lifted at 
Woburn, and some of them were replanted at once, 
whilst others were left in a shed for four days before 
doing so, and it was found that the latter made only 
four-fifths as much growth as the former during the 
following season. It is on this account that plant- 
ing trees in the spring should be discountenanced, as 
drying winds are then more prevalent; but if this 
drying effect is avoided, it is immaterial when the 
planting is carried out: similar trees planted at 
different times between November 28 and March 3 
were found to do equally well. 

Much stress is always laid by horticulturists on the 
importance of selecting trees with a good supply of 
fibrous roots, and of taking the utmost care of these 
roots, spreading them out, and shaking the earth 
lightly between them. But such precepts are based on 
ignorance as to the principles of root-growth. Nine- 
tenths of these roots have lost their tips, they are 
useless, and as good as dead, for they certainly will 
die in a very short time. Anyone can satisfy himself 
on this point; it is only necessary to mark a few of 
these roots by tying strands of silk round them, and 
on lifting the tree again at the end of the season 
it will be found that the rootlets have all, or nearly 
all, died, and that in their place a new system of 
rootlets has arisen from the thicker portions of the 
older roots. In fact, we have found that 
trees do better if the smallest of the fibrous 
roots are removed before planting, and also if all the 
roots are shortened to a certain extent. The reason of 
this is, not only that it is well to remove parts of the 
tree which are bound to die, but that the new root- 
lets which form will be more vigorous if they originate 
from the thicker portions of the old roots, where the 
store of material for their nourishment is greater. 
The practice of leaving the roots as long as possible, 
and carefully trimming their ends, is quite a mistaken 
one, for the ends of these roots, having lost the root- 
tip, cannot start into growth again, and it has been 
found that of the new rooilets which originate, only 
some 15 per cent. arise from the neighbourhood of 
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the ends of the old roots, the rest originating from 
higher up towards the stem, or even trom the stem 
itself. 

Two other conclusions may also be drawn from 
what has been mentioned, namely that it can make 
little or no difference to the future welfare of the tree 
whether the ends of the old roots are trimmed, or 


' left jagged and torn as they are when removed from 


the nursery, nor whether these roots are carefully 
spread out in the ground, instead of being huddled 
into the hole prepared for them; for it is the new 
rootlets which are to be formed, and not the old 
ones, on which the future life of the tree depends. 
Both these conclusions have been verified by actual 
experiment. Even when the roots were twisted and 
tied together in a bundle, the tree did just as well as 
when they were spread out in the orthodox fashion. 

It is thus seen that all these practices which are 
supposed to be essential to the proper planting of a 
tree are really immaterial, and, in fact, that the 
violation of them within certain limits is beneficial. 
But the benefit was not sufficient to explain certain 
results which we obtained, and which puzzled us for 
many years. We had made a plantation in which, by 
way of demonstration, the trees had been planted in 
violation of all the accepted canons, and we expected 
that these trees would afford an awful lesson to the 
careless planter. But instead of that, they flourished 
rather better than their carefully planted neighbours. 
The results were naturally set aside as accidental, 
and a repetition, and subseauently many repetitions, 
were made; but the roughly planted trees refused to 
behave badly, and flourished so much more than their 
neighbours that they often showed two or three times 
more growth than these did. The principal cause of 
this was eventually traced to the fact that the soil 
round these trees had been heavily rammed at the 
planting, instead of being shaken over the roots and 
merely pressed down. When we consider that the 
welfare of the transplanted tree depends on its sending 
out new rootlets from the old roots, it is evident that 
anything which brings the soil into intimate contact 
with these roots will be beneficial, and ramming th: 
soil down, especially if it is in a wet condition at the 
time, will do this more effectually than could ever be 
done by the gentler method of planting. ‘These some- 
what surprising results, therefore, receive a simple 
explanation, and it is easy to satisfy ourselves, by 
lifting the trees at the end of a year, that the rammed 
trees have actually formed more new roots than those 
carefully planted. Such novel methods of planting 
naturally excited the wrath of horticulturists, who, as 
a body, are inclined to carry the veneration for tradi- 
tional procedure to excess, and we were careful to 
obtain overwhelming evidence as to the facts before 
publishing our results. Some seventy sets of experi- 
ments were made, in which about 2000 trees were 
used; the soils in which the trees were planted being 
of every variety, and situated in eight different coun- 
ties. Naturally, the results varied, but the average 
of them showed that ramming might be expected to 
increase the growth of the tree by nearly 50 per cent., 
during the first or first two years, at any rate in 
heavy or fairly heavy soils. In a light sandy soil it 
naturally had no effect, for the obvious reason that, 
by the time the tree started into growth, any con- 
solidation of the soil caused by the ramming would 
have disappeared. In one case only were the results 
of ramming very bad, and that was in the London 

| clay, where the absence of aération caused sulphuretted 
hydrogen to be developed. In other clay soils, no such 
results ensued (the Woburn farm itself is on the 
Oxford clay). 

| That trees will not flourish unless the soil in which 

they are growing is sufficiently aérated, is well known. 


| 
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And this is the reason why a tree, when planted, 
should not be buried deeply in the soil; but a latitude 
ot a good many inches in the depth at which it is 
planted has been found to make no difference, because 
the new roots, on which the life of the tree depends, 
form most readily at whatever depth is most suited 
to their development, or if they form at other depths, 
they soon make their way to the most favourable 
level. 

The fact that roots flourish best at some particular 
level not far below the surface (the depth varying 
in different soils) is the explanation of some results 
which appeared to show the exact contrary. A num- 
ber of paradise stocks were planted with their roots 
at various depths from 6 to 24 in. below the surface, 
and it was found that those which had _ been 
buried deepest, although they were the most back- 
ward at first, rapidly outstripped the others, and in 
two years had made twice as much growth as these 
had done. On lifting the trees the reason of this 
was apparent; in the case of those which had been 
planted at the ordinary depth, the root-system of the 
trees was the same as that which they had possessed 
when planted, though more developed (Fig. 2), 
whereas, with the buried trees, the original roots, find- 
ing themselves at an unsuitable depth, had not 
developed, but in their place numerous fresh roots 
had developed from the stem of the tree itself (Fig. 3), 
and these, finding ample food-material stored in the 
stem, had developed strongly, and formed a vigorous 
root-system, with the natural accompaniment of vigor- 
ous branch growth. Such results, depending as they 
do on the ability of the tree to send out new roots 
from its stem, would not be obtained if a grafted tree 
were buried in the same way, for roots do not easily 
arise from the stem of such a tree; indeed, when the 
experiment was made with crab-stocks instead of 


~~ 


Fic. 2.—Apple stocks planted 6 inches below the surface, and lifted 
two years afterwards. 


paradise-stocks, the results were unfavourable, for the 
crab-stock does not root so easily from the stem as 
does the paradise-stock. Thus, these experiments are 
the reverse of showing that an ordinary fruit-tree 
should be planted at a great depth. 
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i It will be seen that all the anomalous results whic 
have been obtained on the subject of planting a, 


| 


| 


Fic. 3.—Apple stocks planted 24 inches below the surface, and lifted 
two years afterwards. 


and if this is but kept in view, the whole subjec: 
becomes simplified, and the reason becomes evident 
why many of the practices supposed to be essential 
to the proper planting of a tree do not bear the test 
of actual experiment. 


EXPLORATIONS AND FIELD-WORK OF 
THE SMITHSONIAN INSTITUTION IN 1012. 


OLLOWING the custom establishe 1 in 1911, the 
Smithsonian Institution has issued an illustrated 
pamphlet dealing with the scientific expeditions con- 
ducted under its direction, or in which its representa- 
tives participated. The pamphlet describes the work 
of about twenty different parties. 

The institution was represented by two small par- 
ties in Borneo—those of Mr. H. C. Raven, who has 
been collecting mammals and ethnological material 
in Dutch East Borneo for the past two years, and 
Mr. Daniel D. Streeter, of Brooklyn, N.Y., who has 
served as a collaborator for the National Museum in 
the collecting of mammals, in a trip through Sarawak 
and Dutch Borneo. 

Dr. W. L. Abbott, who financed the Dutch East 
Borneo Expedition under Mr. Raven, and has pre- 
sented many large collections to the National Museum, 
has been carrying on a personal investigation in Cash- 
mere, where he has been trapping and studying the 
smaller mammals of that country, specimens of which 
have been sent to the museum. 

Through the invitation of Dr. Theodore Lyman, of 
Harvard University, the institution was enabled to 
cooperate with the Museum of Comparative Zoology 
in an expedition to the Altai Mountains of Siberia and 


Mongolia. Mr. N. Hollister represented the National 


easily explained by, and are the natural consequence; 
of, the fact that a tree when transplanted has to form 
a new root-system before it can begin to grow again, 
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from this little-known part of Central Asia. O 
especial interest in the series of big-game are four 
rams of the largest known of the wild sheep, as well 
as specimens of two forms of ibex, and a gazelle. 
Out of a total of about 650 mammals in the collection, 
eleven forms are new to science, and some twenty 
were. not previously represented in the National 
Museum. Mr. George Mixter also visited Siberia, 
where he secured certain mammals from the region 
about Lake Baikal, among them bear and seal. 

Of particular interest was a trip made by Dr. Ales 
Hrdli¢ka to Siberia and Mongolia, to ‘study the 
physical anthropology of the natives. His main object 
was a search for data concerning the race which is 
supposed to have peopled America. He gathered 
extensive information and collections, from which he 
draws the conclusion that there exist in several places 
in Siberia, Mongolia, and Tibet numerous remains of 
an ancient population which was physically identical 
with, and in all probability gave rise to, the American 
Indian. 

The hunting trip carried on by Mr. Paul J. Rainey 
in British East Africa, in which the institution was 
represented by Mr. Edmund Heller, was very success- 
ful; nearly 4000 mammals, 1000 reptiles, and. 400 birds 
were obtained, as well as many land shells and 
botanical specimens. From the collection, which 
supplements that of the Smithsonian African Expedi- 
tion, there have been as many as forty new species 
and twelve new genera described. . 

The Astrophysical Observatory of the Smithsonian 
Institution again sent an expedition to Bassour, 
Algeria, for the continuation of the observations 
relative to the heat of the sun, an investigation on 
which the observatory has been working for the past 
seven years, with observing stations on Mt. Wilson, 
California, and during two seasons in Algeria. Mr. 
Abbot, the director of the observatory, states that the 
results of the work of 1911 and 1912 thoroughly 
establish the supposed variabilitv of the sun. : 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Lonpon.—The scheme for the administration of the 
East London College, a school of the University of 
London in the faculties of arts, science, and engineer- 
ing, was sealed by the Board of Education on August 
15. It establishes a governing body of nineteen mem- 
bers, nine of whom are representatives of the Drapers’ 
Company, the body from which the college derives 
rather more than half its annual income; three repre- 
sentatives of the University, one of whom must be a 
woman, with the principal of the college ex officio, 
two of the Academic Board, which consists of the 
principal members of the teaching staff, one of the 
London County Council, and three coopted members. 
The representatives of the University are Lady Busk, 
Principal Sir Henry Miers, F.R.S., and Mr. F. D. 
Acland, M.P., Under-Secretary for Foreign Affairs, 
who is a member of the Senate of the University. _ 


Mr. Patina, Liverpool, has been appointed 
ee in physics in the South African College, Cape 
own, 


Pror. W. H. Younc, F.R.S., has been appointed 
Hardinge professor of mathematics in the University 
of Calcutta, for the purpose of organising a new 
school of higher mathematical thought and research. 
mae Young is retaining his chair in Liverpool Uni- 
versity. 
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a meeting of the Bombay University Senate on July 
26 Sir Alfred Hopkinson, K.C., until recently Vice- 
Chancellor of the Victoria University of Manchester, 
was appointed expert adviser on university teaching 
to the University for a period of six months. 

Tue calendar for the session 1913-14 of the Mer- 
chant Venturers’ Technical College, Bristol, is now 
available. It will be remembered that the faculty of 
engineering of the University of Bristol is provided 
and maintained by this college, which, in addition, 
includes a secondary school for boys and a comprehen- 
sive series of evening classes in science, technology, 
and commercial and other subjects. The evening 
courses of work in technology have been arranged to 
meet the special needs of engineers, men engaged in 
the building trades in general, carpenters and joiners, 
plumbers, and painters and decorators. Saturday 
afternoon classes for miners have been arranged by 
the Gloucestershire and Bristol Education Committees 
and are given in the college. In addition special 
courses of instruction for women in domestic subjects 


| are provided. 


the Staffordshire 


Tue Education Committee of 
“Directory for 


County Council has published its 
Higher Education, 1913-14." The booklet contains 
the regulations of the committee and details of 
schemes of work in operation throughout the county. 
Instruction in mining is provided by means of lec- 
turers, whose whole time is devoted to the work, 
and their assistants. For this purpose the county is 
divided into two portions, comprising the North 
Staffordshire coalfields and the South Staffordshire 
coalfields respectively. Classes in metallurgy and iron 
and steel manufacture are conducted in accordance 
with the regulations of the Board of Education and 
the City and Guilds of London Institute. Classes in 
pottery and porcelain manufacture have been arranged 
at Burslem, Hanley, Longton, Stoke, and Tunstall. 
Boot and shoe manufacture, silk manufacture, hor- 
ticultural and smaller agricultural industries are each 
to be taught in suitable centres. The directory also 
gives particulars of the numerous scholarships awarded 
by the committee, the holiday courses arranged, and 
the steps taken to provide suitable technological in- 
struction in the rural districts. 

Particutars have been issued by the Royal Hor- 
ticultural Society with reference to the examinations 
for the national diploma in horticulture, which, so far 
as possible, will be held in the latter part of June of 
each year. The scheme, which has been approved by 
the Board of Agriculture and Fisheries, sets forth 
that candidates for the diploma must (a) register them- 
selves with the society, and (b) pass two examinations, 
a preliminary and a final. The examinations are open 
to both men and women. The preliminary examina- 
tion will be based upon the general principles of plant- 
growing, an elementary knowledge of botany, chem- 
istry, and physics, so far as acquaintance with these 
subjects is essential to an understanding of garden 
practice. Care will be taken to ascertain that the 
candidate is able to perform the operation of garden- 
ing with proper skill, and also that he understands 
the reasons for the methods employed. The syllabus 
for the final examination will be divided into sections 
each dealing with one particular branch of horticul- 
ture. Candidates may enter for the branch in which 
they feel themselves most proficient. All particulars, 
forms, &c., may be obtained from the secretary of the 
Royal Horticultural Society, Vincent Square, S.W. 

THE calendar of the Royal Technical College, Glas- 
gow, for the coming session contains details of the 
scheme affiliating the college to the University of 
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i | field, returning with fine series of mammals and birds 
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Glasgow. The college retains its autonomy in all 
matters relating to its internal affairs—finance, ap- | 
pointment of staff, and so on—but it has no representa- 
tion in the Court of the University. An advisory 
committee has been set up, consisting of members 
of the University Court and representatives of the 
college, which will consider all matters affecting their 
joint interests. A joint board of studies in the faculty 
of applied science is provided, and will consider all 
matters relating to the subjects and standard of the 
several courses. The degree examinations will be 
conducted by a board of examiners representative of 
both institutions, with external examiners appointed 
by the University Court. Students will be free to 
attend the classes constituting the courses of study in 
either the University or the college, or in both, the 
fees being the same. The combination and coordina- 
tion of the resources of the University with those of 
the college should be to the advantage of both. The 
University of Edinburgh, too, has recognised the day 
classes of the college as qualifying for its degree of 
bachelor of science under certain a 


SOCIETIES AND ACADEMIES. 


Paris. 

Academy of Sciences, August 18—M. A. Chauveau in 
Borrelly: Notes on Hind’s nebula. 
This nebula is now at a maximum period of bright- 
ness.—M. Aries: The formula for the velocity of 
sound. Reply to M. Duhem.—MM. Massol and 
Faucon: The presence of absorption bands in the 
ultra-violet spectrum of some abnormal alcohols of 
the fatty series. The study of pentane and some 
derivatives of methy Ipropane and methylbutane shows 
that the two absorption bands previously found in 
the three primary alcohols do not appear in the 
corresponding hydrocarbons; the halogen derivatives 
are also free from bands. The aldehydes give one 
large absorption band intermediate in position be- 
tween the two alcohol bands.—Paul Godin: Free 
thoracic and abdominal respiration in the course of 
growth.—De Montessus de Ballore: Remarks on the 

earthquake at Gallipoli, August 9, 1912. 
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British Rainfall, 1912. H. R. Mill. 
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E GRAND PRIX AWARD, TURIN. 

| SOLE AUTHORISED MAKERS OF 

| STROUD & RENDELL SCIENCE LANTERNS. 
| The ‘* University” Lan- 
| 


tern, with Russian iron 
body, sliding baseboard, two 
superior objectives, plane 
silvered mirror “‘A,” which 
is moved by a knob causing 
the rays to be_ reflected 
upwards for the projection of 
objec ts ina horizontal plane, 
condensers 4} in. ciam., prism 
with silvered back which can 
be used at “C,” or as an 
erecting prism in mount ‘‘ D,” 
lime-light burner, slide carrier. 
Price complete in_ travelling 
case, without reversible adjust- 


able stage ‘‘ B,’ 6 
Ditto, ditto, with “‘ Phoenix” Arc Lamp _... .11 15 0 
Reversible adjustable stage ‘‘ B” for supporting apparatus, extra 7 6 
The College’ Lantern, without stage, with 
7 lime-light burner complete 8 26 
Ditto, ditto, with ‘* Phoenix” arc lamp 9100 
BUY DIRECT FROM Slit and prism for spectrum with support, “for either lantern . 1 d ; 
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SOUTH KENSINGTON, LONDON, S.W. 
VISITOR—H.M. The KING. 


ROYAL COLLEGE OF SCIENCE. 


The Royal College of Science forms an integral part of the Imperial 
College and provides the highest specialised instruction in Science and 
Technology for Day Students.. The courses are designed (a) as a prepar- 
ation for positions of importance in the industrial world either as Chemists, 
Physicists, Economic Botanists, Entomologists, Zoologists, Geologists or 
Experts and Scientific Investigators generally ; and (4) to meet the needs 
of those already following a professional career but who desire to take up 
more advanced training and research in Science or Technology, especially 
in relation to the particular industry or industries concerned. 

BIOLOGY The departments are as follows : 


Botany Prof. Farmer, F.R.S. 
Plant Physiology and Pathology ... Prof. BLACKMAN, F.R.S. 
of and } Prof. Gaoor. 

GENERAL ZOOLOGY _... ... Prof. MacBripe, F.R.S. 
Entomology .. ... Prof. LEFRov. 

Prof. Bone, F.R.S. 
CHEMICAL TECHNOLOGY (Fuel De 
and Refractory Materials) ... 


os (including the Technology | p,o¢ Watts, F.R.S. 


MATHEMATICS & MECHANICS Prof. Forsyru, F.R.S. 

Prof. CaLLenpaR, F.R.S. 

PHYSICS ... lion. R. J. StrutTT, 

F, 

On satisfactorily completing courses of study extending over two, three 
or four years the Governing Body awards (a) The Diploma of the Imperial 
College (D.I.C.); and (4) The Associateship of the Royal College of 
Science (A.R.C.S.). 

For further information the Prospectus of the College should be con- 
sulted, which may be obtained on application to the SECRETARY, Imperial 
College, South Kensington, S.W 


COLLEGE 


OF SCIENCE AND TECHNOLOGY 


The Governors of the Imperial College are Ae to AWARD SIX 
ENTRANCE SCHOLARSHIPS in SCIENCE for SESSION 1913-14, 
tenable at the Royal College of Science. k 

The Scholarships are of the value of £40 per annum (exclusive of tuition), 
are tenable for one year, but renewable for a second or third year on the 
recommendation of the Board of Studies of the College. Date of Scholar- 
ship Examination Tuesday, Thursday and Friday, September 23, 25 and 26, 
1913, from 10 to 5. For particulars and forms apply to the SECRETARY OF 
THE COLLEGE, South Kensington, London, S.W. 


EAST LONDON COLLEGE 
(UNIVERSITY OF LONDON), 
FACULTIES OF ARTS, SCIENCE, AND 
ENGINEERING, 

FEES: TEN GUINEAS PER ANNUM, 

NO ENTRY FEE AND NO REGISTRATION CHARGES. 


Special fees and facilities for Post Graduate 
and Research Students in all Faculties. 


M.A. CLASSES FOR MATHEMATICS. 


Calendar, with lists of Graduates, University and College 
Scholarships, Academic and other distinctions, post free on 
application to the Registrar, or the Principal, 


' J. L. S. HATTON; M.A. 
Telephone No.: East 3384. 


NEW SESSION BEGINS MONDAY, SEPTEMBER 2. UNI 


BIRKBECK COLLEGE, Jf. 


BREAMS BUILDINGS, CHANCERY LANE, E.C. to th 
Principal: G. Armitage-Smith, M.A., D.Lit. 
COURSES OF STUDY (Day and Evening) for the Degrees of the 
UNIVERSITY OF LONDON in the 
FACULTIES OF SCIENCE & ARTS 
(PASS AND HONOURS) 
under RECOGNISED TEACHERS of the University. 


Physics, Mathematics (Pure and 
Applied), Botany, Zoology, Geology and Mineralogy. 


ARTS.—Latin, Greek, English, French, German, Italian, Co 

History, Geography, Logic, Economics, Mathematics (Pure follo 

and Applied). EN( 

Evening Courses for the Degrees in Economics and Law. x. 

Day: Science, £17 10s.; Arts, £10 10s. ‘Y 

SESSIONAL FEES Science, Arts, or Economics, £5 5s, 

POST-GRADUATE AND RESEARCH WORK. ship’ 

Particulars on application to the Secretary. A 

Lo 

ENTRANCE STUDENTSHIPS EXAMINATION, Seft. 22, 10 ao 

SOUTH-WESTERN POLYTECHNIC INSTITUTE, 

MANRESA ROAD, CHELSEA, S.W. Coll 

Day Courses under recognised Teachers in Preparation for Holt 

London University Degrees in Mechanical and Electrica] 1 
amepacos. in Chemistry, Physics and Natural Science; 

and Technical Courses arranged to extend over Three Years U 
and Prepare for Engineering, Electrical, Chemical and 

Metallurgical Professions. Session Fee, £15. — 

Evening Courses in all Departments :— 
Mathematics—*J. Lister, A.R.C.S., *T. G. Strain, M.A.; Physics— TI 


*S. Skinner, M.A., *L., Lownps, B.Sc., Ph.D., *F. W. Jorpvan, B.Sc. ; 
Chemistry—*J. B. Coteman, A.R.U.S., *J. C. Crocker, M.A., D.Sc., 
and *F. H. Lowg, M.Sc.; Botany—*H. B. Lacey, S. E. Cuanp sr, 
D.Sc., and *W. Rusuton, A.R.C.S., D.1.C. ; Geologv—*A. J. Masten, 
F.G.S., F.L.S.; Human Physiology—E. L. Kennaway, M.A., M.D.; 
Zoology—*J. T. Cunnincuam, M.A.; Engineering—*W. Campseir 
Houston, B.Sc., A.M.I.C.E., *V. C. Davigs, B.Sc., and H. AuGurig; 
Electrical Engineering—*A. J. Maxower, M.A., *B. H. Morpuy, and 
U. A. Oscuwacp, B.A. 
*Recognised Teacher of the University of London. 
Prospectus from the SECRETARY, post free, 4d. ; at the Office, 1d. AR 


‘Telephone : 8909 Western, SIDNEY SKINNER, M.A., Principal. 


A 

ENGINEERING AND TECHNICAL OPTICS. 
NORTHAMPTON POLYTECHNIC INSTITUTE, fn 
CLERKENWELL, LONDON, E.C. T 
MECHANICAL AND ELECTRICAL ENGINEERING. of tl 
Full Day Courses in the Theory and Practice of the above Subjects will Fi 
commence on Monday, September 29, 1913. The courses in Mechanical gate 
Engineering include specialisation in Automobile and Aéronautical : 


Engineering, and those in Electrical Engineering include specialisation in a. 
Radio-Telegraphy. ENTRANCE EXAMINATION on Wednesday and — 
Thursday, September 24 and 25. These courses include periods spent in 
Commercial Workshops, and extend over four years, They also prepare 
for the degree of B.Sc in Engineeringat the University of London. Students 
well grounded in Science, Mathematics and I)rawing may be admitted 
direct to the second year’s course. Fees, £15 or £11 per annum. 

THREE ENTRANCE SCHOLARSHIPS of the value of £52 each will 
be offered for competition at the Entrance Examination in September next. 

TECHNICAL OPTICS. 

Full and Part Time Day Courses in all branches of this important S 
department of Applied Science given in specially equipped laboratories aq 
and lecture rooms. 

Full particulars as to fees, dates, &c., and all information respecting the Z 
work of the Institute, can be obtained at the Institute or on application to Bui 

R. MULLINEUX WALMSLEY, D.Sc., Principal. 


CITY OF LONDON COLLEGE. |» 


ACTING IN CONJUNCTION WITH THE LONDON CHAMBER OF COMMERCE. Ex: 
WHITE ST., and ROPEMAKER ST., MOORFIELDS, 

(Near Moorgate and Liverpool Street Stations). N 

PRINCIPAL: SIDNEY HUMPHRIES, B.A., LL.B. (Cantab.) _ 


Michaelmas Term begins Monday, September 29th. 


EVENING CLASSES in SCIENCE. Well-equipped |) 
LABORATORIES for Practical Work in CHEMISTRY, ; 
BOTANY, GEOLOGY. a 


Special Courses for Pharmaceutical and other examinations. Classes i 
are also held in all C cial Subjects, in Languages, and Literature. : 
Art Studio. All Classes are open to both sexes. Mine 

DAY SCHOOL OF COMMERCE. Preparation fora COMMERCIAL : 
or BUSINESS career. 


Prospectuses, and all other information, gratis on application. — 


DAVID SAVAGE, Secretary. 
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UNIVERSITY OF LONDON, UNIVERSITY COLLEGE. 


The following Prospectuses are now ready, and may be had on application 

to the SECRETARY :— 
Faculty of Arts. 
Faculty of Laws. 
Faculty of Medical Sciences. 
Faculty of Science. 
Faculty of Engineering. 
Slade School of Fine Art. 
School of Architecture. 
Indian School. 
Department of Economics. 
Department of Public Health. 
Post-graduate Courses and Arrangements for Research. 

Courses are provided for Students desiring to graduate in any of the 
following Faculties:—ARTS, LAWS, MEDICINE, SCIENCE, 
ENGINEERING, and ECONOMICS and POLITICAL SCIENCE. 

POST-GRADUATE and RESEARCH WORK is provided for in all 
rtments. 

go cula are provided suitable for candidates for the First Class Home, 

the Foreign, the Indian and Ceylon Civil Services, and for Eastern Cadet- 


ENTRANCE SCHOLARSHIP. 
A Goldsmid Entrance Scholarship to the Faculty of Engineering (value 
£90) will be competed for by an Examination beginning September 23, 1913. 


Residence for Men Students is provided at University College Hall, 
Ealing (Warden, Walter W. Seton, M.A.), and for Women Students at 
P - Hall, Byng Place, Gordon Square, W.C. (Principal, Miss 
Hollings, M. A. 

The SESSION 1913-14 opens on TUESDAY, SEPTEMBER 30. 

WALTER W. SETON, M.A., Secretary. 

University College, London 

(Gower Street). 


THE ROYAL TECHNICAL COLLEGE, 
GLASGOW. 


SESSION 1913-14. 


The DIPLOMA of the COLLEGE is granted in the following 
Departments :— 

CIVIL ENGINEERING, MECHANICAL ENGINEERING, 
ELECTRICAL ENGINEERING, MINING, NAVAL 
ARCHITECTURE, CHEMISTRY, METALLURGY, BUILDING, 
and TEXTILE MANUFACTURE. 


A Course for a JOINT DIPLOMA in ARCHITECTURE has been 
arranged in conjunction with the Glasgow School of Art. 


The Diploma Course extends over three or four Sessions, and the average 
fee per Session is £12 12s. 

Tne College is affiliated to the University of Glasgow, and the degrees 
of the University in Engineering are open to its students. 

Full Courses of Instruction are also provided in the Schools of Navi- 
gation, Wireless Telegraphy, and Bakery. 

Day Classes begin September 23, Evening Classes September 22. 

The Calendar (price 1s., by post 1s. 4d.) and Prospectuses (free) will be 
sent on application to the DirEcTorR. 


LONDON HOSPITAL MEDICAL 
COLLEGE. 
(UNIVERSITY OF LONDON.) 


SPECIAL CLASSES. 

Special Classes in the subjects of the rst M.B. (London) Examination 

will commence on October 1. 

ZOOLOGY AND BOTANY.—G. P. Munce, A.R.C.S., and R. A. 
Buppicom, B.A.(Oxon). 

CHEMISTRY.—Hucu Canpy, B.A., B.Sc. (Lond.), and J. F. Twort, 
B.Sc. (Lond.) 

PHYSICS.—A. H. Fison, D.Sc. (Lond.), and O. W. Gruirritu, 
B.Sc. (Lond.) 

Special Classes are held for the 2nd M.B. (London) and Primary F.R.C.S. 
Examinations, and are not confined to students of the Hospital. 


Professor WILLIAM WRIGHT, M.B., D.Sc., F.R.C.S., Dean. 
Mile End, E. 


UNIVERSITY OF MANCHESTER 


AND 

MANCHESTER ROYAL INFIRMARY. 
ENTRANCE MEDICAL SCHOLARSHIPS. 

TWO SCHOLARSHIPS are offered to candidates who give evidence 


f a high standard of proficiency in Arts or Science respectively. 
Eac “+h Scholarship is of the value of, £100, and the successful candidates 
will be required to enter for the full Medical Curriculum in the University 


i the Infirn: ary. 


"Appl ications should be sent on or before September 20 to the REGISTRAR, 
from whom further particulars may be obtained. 


for other Official Advertisements see pages cclx and cclxii. 


Patented 


THE RAPID FILE 


England is adaptable to any vice and works 

and in with precision upon 

ies 

a STEEL, IRON, BRONZE CASTINCS, 
and all metals. 


Supersedes all other methods and 
does away with the use of graving 
tools. Everybody can use it. Write 
for full particulars to 
JACQUOT & TAVERDON, 
58-60 r. Regnault, Paris (13). 


PLATINUM 


Crueibles, Serap, Utensils, Wire, Foil, Residues, &e. 
Purehased at Highest Prices or Taken in Exchange. 
Supply: Platinum Sponge, Sheet and Wire, Alloys, 
Crucibles, Dishes, Tubes, and Apparatus. 

THE LONDON REFINING CO., LTD., 

32 CLERKENWELL ROAD, LONDON, E.C. 
Bankers : London City and Midland, Telephone: 388 Holbora 


LIGHT but VERY RIGID 
CHEAP. CONVENIENT. 


Adjustable to any angle from vertical 
to horizontal ; also height adjustable 
t» stature of user. T-square easily 
moved by i-ft hand and remains fixed 
in any position when hand withdrawn. 


32 X 23 ins 56 - 
42 ins 65/- 
54 2 in 70/- 


Descriptive Circular post free. 


W. H. HARLING, 


Mathematical, Drawing, and 


Surveying Instrument Manufacturer, 
47 FINSBURY PAVEMENT, LONDON, E.C. (Sge?° 


BROWNINC’S SPEGTROSGOPES 


McCLEAN'S STAR SPECTROSCOPE. a7 


Will show exquisitely fine lines in the 
Spectra of Stars and can be used with 
any telescope having an object glass of 

about 3 inches diameter or over. 


Price £2 10 O, or with Slit Adapter for Chemical 
and Astronomical Work, £3 7 6. 


RAINBAND SPECTROSCOPE (Grace's). 


It is a 
applicable to 
every purpose for which a Direct Vision spectroscope can be used. 


£3 8 6, £4 0 O, »x» £5 15 O 


This instrument is specially adapted for predicting coming rain. 
very powerful, portable, and efficient spectroscope, and is 


PRICEs : 


POCKET DIRECT VISION SPECTROSCOPES from 20s. 


CSCOPES, 


Illustrated Lis 


JOHN BROWNING, 


176°. 1EL. 


ts of Spectroscopes, Tel Post Free. 
optician, 146 STRAND, LONDON. 


Esrp. No. : 7804. 
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UNIVERSITY OF DURHAM. 
ARMSTRONG COLLEGE, 


NEWCASTLE-UPON-TYNE. 
Principal—W. H. Hapow, M.A., D.Mus. 


SESSION OF 1913-14. 
MATRICULATION EXAMINATION, SEPT. 23-27. 


Particulars of Curricula for University Degrees and College 
Diplomas in Engineering, Electrical Engineering, Naval 
Architecture, Mining, Metallurgy, Agriculture, Pure Science, 
Arts and Commerce, and of Fellowships, Scholarships and 
Exhibitions, on application to 

F. H. PRUEN, M.A., Secretary. 


Armstrong College, Newcastle-upon-Tyne. 


THE UNIVERSITY OF LEEDS. 
FACULTIES OF ARTS (including Commerce and Law), SCIENCE, 
MEDICINE, and TECHNOLOGY. 


The next SESSION will begin on SEPTEMBER 29. The following 
Prospectuses may be had free on application to the SECRETARY :— 


Arts and Science. Mining Engineering. 
School of Medicine. Coal Gas and Fuel Indust-ies 
Dental Surgery. aod Metallurgy. 
Law. Textile Industries. 
Economics and Commerce. Tinctorial Chemistry and 
Social Organisation and Public | Dyeing. 

Service. Leather Industries. 
Agriculture. Evening Classes. 
Engineering, Civil, Mechanical Scholarships. 

and Electrical. 


Lyddon Hall has been licensed for the residence of Men Students, and a 
University Hall for Women has been established in De Grey Road. 


UNIVERSITY OF BRISTOL. 


CHEMICAL DEPARTMENT. 
Atrrep Caprer Pass Proressor oF CHEMISTRY :— 
FRANCIS FRANCIS, D.Sc. Victoria, Ph.D. Erlangen, F.I.C. 
Special provision is made for advanced work and investigations in Physi- 
cal Chemistry, Agricultural Chemistry, Bio-Chemistry, Bacteriological 
Chemistry, Hygienic Chemistry. and Electro-Metallurgy. Currents are 
available of voltages from 500 downwards, and of amperage up t> 2,0-0. 
Training received in other Institutions, and Degrees of any approved 
} aetrg are counted towards the period of study required for all Bristol 
legrees. 
Prospectuses of the Faculties of ARTS, SCIENCE, MEDICINE and 
ENGINEERING, and further particulars may be obtained on application. 
JAMES RAFTER, M.A., Registrar. 


THE-UNIVERSITY OF SHEFFIELD. 

COURSES are held and DEGREES are awarded in the following 
Faculties :—ARTS (including Architecture), PURE SCIENCE, MEDI- 
APPLIED SCIENCE (including Engineering, Metallurgy, 
an ining 


The SESSION 1913-1914 commences OCTOBER 1, 1913. 
Entrance and Post-Graduate Scholarships are awarded each year. 
Prospectuses, giving full information, may be obtained free from 

W. M. GIBBONS, Registrar. 


BRITISH MUSEUM. 


. The READING ROOMS will be CLOSED from MONDAY, 

SEPTEMBER 1, to THURSDAY, SEPTEMBER #4, inclusive. 

In connection with the transfer of collections to the New Wing, the 
STUDENTS’ ROOM of the Prints Department will be CL SED 
afte SATURDAY, SEPTEMBER 6, until further notice. 

British Museum, F. G. KENYON, 

August, 1913. Director and Principal Librarian. 


DEPARTMENT OF AGRICULTURE AND 
TECHNICAL INSTRUCTION 
FOR IRELAND. 
JUNIOR INSPECTORSHIP. 
JUNIOH INSPECT ote sao ther Techs! istration 


will be given to those having special Sones of (a) Chemistry, and 
(b) Nature Knowledge. Candidates for this appointment should forward 


their applications, on the prescribed form, not later than September 13, to 
Tue Secretary, Department of Agriculture and Technical En struction for 
Ireland, Dublin, from whom also further particulars respecting the appoint- | 
ment, and copies of the form of application, may be obtained. ! 


UNIVERSITY OF OTAGO, DUNEDIN. 
NEW ZEALAND. 


CHAIR OF PHYSICS. 


This Chair will be vacant through the retirement of Professor Sh,, 
LL.D., Aberdeen, March 31 next. : 
Applications are now invited from gentlemen qualifi-d to fill the posi: 
Salary will be paid at the rate of Seven Hundred Pounds (£>.) ;. 

annum. 

Application forms and all information regarding the appointment may \. 
obtained from the _HiGH Commissioner FOR NEw ZEALAND, 13 Vico); 
Street, London, S.W., by sending stamped foolscap envelope. 

Applications will be received up to September 24. 


EDINBURGH & EAST OF SCOTLAND 
COLLEGE OF AGRICULTURE. 


The GOVERNORS invite applications for the post of COUNTY 
ORGANISER and LECTURER in AGRICULTURE for one of ih«i 
districts. Salary £150, rising to £300, according to scale, with traveiliy: 
and other expenses in addition. . 

Twelve copies of letter of application and testimonials should be {, 
warded, not later than September 6, to the Director, College of Agriculty 
13 George Square, Edinburgh. 


THE DEPARTMENT OF AGRICUL. 
TURE AND FORESTS, SUDAN GOVERNMENT, requir 
the services of an INSPECTOR OF FORESTRY. 7 
Candidates must hold National Diploma or University Degree in Ag;; 
culture, be unmarried, and between the age of 24 and 30. . 
Salary commences at L.E.420 Egyptian with allowances. 
All particulars regarding the appointment can be obtained on appiicatio; 
to— Sir A. L. WEBB, K.C.M.G., 
Queen Anne’s Chambers, 
Broadway, Westminster, 
London, 


SOUTH AFRICAN COLLEGE, CAPE 
TOWN. 


Applications are invited for the post of LECTURER IN BOTANY 
The selected Candidate will be required to take charge of the Plant Phys: 
ology Classes and to give general assistance in the work of the Department 
Opportunity for research. Salary £300, rising to £350. £30 passage 
money. Duties commence February, 1914. Applications to be addressed 
to the Recistrar, S.A. College, Cape Town. 


SOUTH AFRICAN COLLEGE, 
CAPE TOWN. 


WANTED, for the Physics Department, South African College, Cap: 
Town, a SKILLED MECHANIC. Salary £200 per annum. Appii- 
cations to be forwarded to Professor J. C. BEaTriE, South African College 
Cape Town, South Africa, not later than September 23, 1913. 

Further inquiries should be directed to ‘‘ Physics,” Box 126, c/o Narvne 


THE REGISTRAR. 
WANTED.—First Assistant Chemist for 


the Wellcome Tropical Research Laboratories, Gordon College, Khar 
toum. Candidate sbould have good knowledge of organic chemistry 
and experience in analytical work. Age about 26 to 30 years. Initial 
salary L.E.s50 per mensem. Unmarried public school man preferred. 

Address Dr. W. Beam, Royal Societies Club, St. James’s Street, 5 W. 


ARCHA-OLOGIST, 


for 


Expedition to 
Upper Egypt, with good archeological training and 
Knowledge of surveying and practical experience in pre-histori 


exper ience 


and other excavations desirable. Write full particulars of training 
experience and qualifications, stating age and salary required, | 
** Box 2016,” c/o Mr. T. Dixon, 195 Oxford Street, London, W 


ANATOMIST and ANTHROPOLOGIST. 


Medical man with good practical knowledge of Anthropology ané 
Anthropometric methods, for an Archeological Expedition to Upper 
Egypt. State full particulars, qualifications, age, experien: > and 
honorarium required.. Address ‘‘ Box 2160,” c/o Mr. T. Dixon, 
195 Oxford Street, London, W. 


For other Offictal Advertisements, see pages cclx and ccixi. 


FOR SALE.—GRUBB gqinch aperture 
REFRACTING TELESCOPE, 5-foot focus, mounted upon que 
torial adjustable head on pillar stand, with castors, Condition as won 
full specification on application.—“ Box No. 2259.” Nature Offi 


TYPEWRITING undertaken by Woman 


Graduate (Classical Tripos, Girton College, Cambridge ; Intermediate 
Arts, London). Research, Revision, Shorthand. 


CAMBRIDGE TYPE-WRITING AGENCY, 5 Duke Street, 
Adelphi, W.C. Telephone : 2308 City. 
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NEW STUDENT'S 
MICROSCOPE 


With rack coarse and micrometer 
screw fine adjustments, I eyepiece, 
2 objectives—#” & 4”, double nose- 
piece, iris diaphragm, in oak case. 


£5 10 O 


This Outfit is made throughout 
(mechanically and optically) in 
C. Baker’s London Workshops. 


C. BAKER 


244 HIGH HOLBORN, LONDON, 


JAMES SWIFT « SON 


Optical and Scientific Instrument Makers, 
Contractors to all Scientific Departments of H.M. Government. 


Grands Prix, Diplomas of Honour, and Gold 
Medals at London, Paris, Brussels, &c. 


NEW MODEL 


‘RESEARCH ” 
MICROSCOPE 


SPECIALLY DESIGNED for BACTERIOLOGY 
and ANALYTICAL WORK. 

With Improved Fine Adjustment 
and Special Mechanical Stage. 
Fitted with 3-in., 3-in., and },-in. (Oil Im- 
mersion) Objectives, Oculars, “Triple Dust- 
proof Nosepiece, Abbe C ondenser, Iris 
Diaphragm, &c., in Cabinet, £21. 


UNIVERSITY OPTICAL WORKS, 81 TOTTENHAM COURT RD., LONDON. 
SECOND-HAND MICROSCOPES, 


Powell & Lealand large stand, with binocular attachment and high- 
power prism, large _— of — and apparatus, in mahogany 


cabinet as £42 00 
— “Fram,” 3, Vz triple nosepiece, Abbe, and mechanical 
+ £15 0 0 

Beck London,” § 4, 2 eyepieces, double nosepiece, spiral Abbe. 
and iris 610 0 


Watson “Club” Portable, with Abbe condenser, cost “6 12 6, £4 10 0 

Several Student Microscopes with sliding coarse adjustment, micro- 

meter fine adjustment, 1 eyepiece, 2 objectives, in case complete, 

£25 0 

Also Cabinets, Double and Triple Nosepieces, Eyepieces, Spectroscopes, 
licrotomes, Lamps, Condensers, &c. 


SECOND-HAND TELESCOPES. 


4}-in. Cooke, on altaz. stand with steadying rods, finder, 1 age’ 3 astros., 


__and dew shade + £3710 0 
-in. Steward, finder, horizontal "and ‘vertical motions, on tall stand, 1 
dav, 2 astros., diagonal... £18 18 o 


3}-in. Troughton. & Simms, on brass pillar and claw stand, horizontal move- 
ment by Hooke’s joint, vertical rack, finder, 1 day, 3 astros., £10 15 0 
Also Eyepieces, F inders, Diagonals, &e. 


CLARKSON’S SECOND- HAND OPTICAL MART, 
338 HIGH HOLBORN, LONDON. (Opposite Gray's Inn Road.) 


SPENCER 


MICROSCOPES. 
2O,O00O HAVE BEEN SOLD IN AMERICA. 


STAND. 


No. 45 H, as figured. 
LEVER fine adjustment. 
Screw focussing substage. 
Abbe condenser and iris. 
Stage iris. 

Triple nosepiece. 


OBJECTIVES. 


16 m/m (2/3 inch). 

4 m/m (1/6 inch). 

1°8 m/m (1/12 inch) 
N.A. 1°30 oil immers. 


EYEPIECES. 


x 4 x 8 
The whole in Case— 


(Catalogue free.) 


LONDON AGENTS: 
H. F. ANGUS & CO., 
83 WIGMORE STREET, LONDON, W. 
PROVINCIAL AGENTS: 
STANDLEY BELCHER & MASON, LTD., 


CHURCH STREET, BIRMINGHAM. 


} REAGENTS & CHEMICALS 


For ANALYTICAL, MICROSCOPIC, BACTERIOLOGICAL and 
PHOTOGRAPHIC PURPOSES, are the 
STANDARDS OF PURITY, RELIABILITY AND 
GENERAL EXCELLENCE. 


To be had through the regular Trade Channels, or 
Wholesale from 


E. MERCK, 66 Crutched Friars, LONDON, E.C. 


Head Office and Works: DARMSTADT. 


TRANSPARENT 


Sample and Catalogue on Application. 
Telegraphic Address : 


DOES NOT CRACK 


through sudden change of temperature. 


‘* Silexate, London.” 


UARTZ GLASS 


The Silica Syndicate Ltd., 
82 Hatton Garden, London. 
Telephone : City, 9740. 
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Accurate Thermometers 
for Industrial Purposes 


PRICE LIST ON APPLICATION 


The illustration shows a thermometer 
for testing benzols, naphtha, etc. 


C. F. CASELLA & CO., Ltd., 


Gurney Street Works, Walworth, London, S.E. 


ZEISS 


UNIVERSAL 


DISSECTING STAND 


After P. MAYER. 


Complete with adjustable mirror and light modifying 

device, large stage (8 x6 ins.) with circular opening 

4j ins. diameter, brass and plate glass discs to fit 

opening, arm rests and lens holder with rack and 
pinion movement. 


PRICE, IN CABINET, £5 10 O 
Special Fittings for Binocular Observation, Drawing, &c. 
Detailed List “4D” Post Free. 
CARL ZEISS (London) Ltd., 
13-14 Great Castle Street, Oxford Circus, London, W. 


Hopkin 


Will iams, Limited 
London,E.C. 


16 Cross Street, 
Hatton Garden, 


Telegrams : 
“Cerium, London.” 


Works: Ilford, Essex. 


‘Telephone : 
604 Holborn. 


Anhydrous Metallic 


Chlorides. 


Antimonious Chloride (sbci,). 


Antimonic Chloride (sbci.). 
Arsenious Chloride (As¢1,). 
Stannic Chloride (Snci,). 


SELF- REGISTERING 


AND 


SELF-RECORDING 


(ELECTRICAL) 


RAIN 


GAUGES. 
THE ‘ WILSON’ 
8  SELF-REGISTERING 
RAIN GAUGE, 


With Improved Receiver 
to prevent splashing. 


The ‘WILSON’ 
SELF - RECORDING 
(Electrical) 
RAIN GAUGE. 
Records automatic- 
ally on a Weekly 


Chart wherever de- 
sired inside the house 


OLE ARs: 
Paste RELLI F & APAIN, LTD, 
46 MATTOON o H.M. Gover nt, Son, 


ARDEN, LON E.C. 
STANDARD INSTRUMENTS OF ALL KINDS. 


a@- ILLUSTRATED PRICE LISTS POST FREE. 
*,*We pay carriage and guarantee safe delivery within U.K. on all our 
Instruments. 
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PIPES. PLATES. 
TRAYS. INSULATORS. 


Suitable for use in Chemical Works and Laboratories, and for Enamelling and Assaying Furnaces. 
BASINS. 
CRUCIBLES. 


\VITREOSIL 
4 


DISHES. MULFLES. 
PYROMETER TUBES. 


Translucent Sheets and Reflectors of brilliant metallic lustre. 


THE THERMAL SYNDICATE, 


Neptune Bank, WALLSEND-ON-TYNE. 


EXTRA HIGH-POWER 
PRISM BINOCULARS. 


The only makers 
in the world who 
have succeeded 
in making Prism 
Binoculars 
MAGNIFYING 
25 
DIAMETERS. 


Seven days’ free trial to 
readers of Nature on receipt 
of deposit or references in 

London or Leeds. 


The Night and Day Marine 
Wide Aperture Prism Classes. 


x 9 MAGNIFICATION £6 10 0 x 16 MAGNIFICATION £8 10 0 
x12 MAGNIFICATION 4&7 10 0 | X20 MACNIFICATION £1010 O 
x 95 MAGNIFICATION £12 10 O 
With Central Focussing Motion, $1 extra. 

Prices include Best Solid Leather Sling Case, Postage and Packing to 
any part of the World. 

i@- Descriptive Price List No. 8D post free 
on request. 


AITCHISON & CO.,Lti., 


Opticians to the British and Foreign 
Governments, 
428 STRAND, W.C.; 
281 OXFORD STREET, W.; 
130 HIGH HOLBORN, W.C.; 
and Branches, London. 
LEEDS: 37 Bond Street. 


Trade Mark. 


Gold Medals and Awards, London, 1862; Paris, 1867; Philadelphia, 

1876; Inventions Exhibition, London, 1885; 9 Medals. Paris, 1900; 

Grand Prize, Franco-British Exhibition, 1908; Rio de Janeiro, 1909; 
4 Grand Prizes and Gold Medal, Turin, 1911. 


JAS. J. HICKS 


(Incorporated with W. F. STANLEY & CO., Ltd.), 


8, 9 & 10 HATTON GARDEN, LONDON 


SCIENTIFIC INSTRUMENT MAKER 
to the various Departments of H.M. Home, Indian, and Colonial Govern- 
ments, many Foreign Governments, and the Principal Observatories, 
Universities, and Colleges throughout the World. 
Manufacturer of Standard Meteorological and 
Scientific Instruments of every description, 
ineluding Clinical Thermometers. 
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Catalogues Post Free. (State which required.) 


ANY KIND OF SCIENTIFIC: INSTRUMENT 
MADE TO ORDER. 
ga@- Exceptional Terms to Colleges, Institutions, &c. 


Quotations submitted for Laboratory Outfits or 
Single Instruments. 


THERMOMETERS FOR STUDENT WORK A SPECIALITY. 
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MACMILLAN & CO.’S NEW BOOKS. 


University and Historical Addresses delivered 
during a Residence in the United States as aeereed of 
Great Britain. By the Right Hon. JAMES BRYCE, 0.M. Extra Crown 8vo. &s. 6d. net. 

VOL. III. NOW READY. - 


-Himalaya: Discoveries and 


in Tibet. By SVEN HEDIN. Vol. III. With Illustrations and Maps. 8vo. 1g. net. 
*.* Previously published :—Vols. I. and II., 30s. net. 

Mr. FRANK A, MumbBy in 7HE MANCHESTER COUR/ER.—“ Dr. Sven Hedin has left the crowning achievements 
of his wonderful journey in Trans-Himalaya to the last instalment of his narrative. . . . The great Swede has the dramatic 
instinct, as well as the gift of style, which enables him to make the most of his many impressive moments, and to stamp them 
on his reader's imagination with something of the romancer’s art. . . . Apart from its usefulness, the story of his two years in 
Tibet is an astonishing record of audacity and luck.” 

3 By Sir EDWARD THORPE, C.»., 
The Seine from Hayre to Paris. ne 
DAILY CHRONICLE.—* An unusually good work of travel.” 
FIFTH EDITION, THOROUGHLY REVISED, WITH SOME NEW ILLUSTRATIONS. 


The Scenery of Switzerland and the Causes 
to which it is Due. By the late Lord AVEBURY. Crown 8vo. 6s. 


A History of the Zulu Rebellion, 1906, and of 


Dinuzulu’s Arrest, Trial, and Expatriation. By J. STUART, Capt. Natal Field 
Artillery, Intelligence Officer, 1906-1909, &c. With 5 Maps, 6 Plans, and 25 Illustrations. 8vo. 15s. 
THE TIMES.—** The story of the actual outbreak and of the campaign in general is told with a detail and an accuracy 
which Captain Stuart’s official facilities render authoritative and final. His book is sure of a place on the shelves of every 
one who is interested in the history of South Africa and in the Zulus, and, “doubtless, of many others too.’ 


By JEROME D. TRAVERS, Amateur Champion of the United 
Travers’ Golf Book. States, 1907, 1908, and 1912. With 48 Illustrations. Crown 8vo. 
8s. 6a. 
NATURE.—‘* This book will prove interesting reading to all golfers, and especially to those who aim at being 
champions. . , . Mr, Travers gives many valuable hints on stance and grip, and elucidates these by means of photographs of 
himself in all sorts of positions, and with all kinds of clubs.” 


Elementar ry Practical Mathematics with 
numerous Exercises for the use of Students and especially of 


Mechanical and Electrical Engineering Students. ty JOHN PERRY. 
M.E., D.Sc., LL.D., F.R.S., Professor of Mechanics and Mathematics at the Royal College of Science, London. 


8vo. 6s. 

EDUCATION.—‘‘ It is written in a manner which is decidedly stimulating. . . . The later chapters of the book 
contain many interesting applications to mathematical physics, especially telegraphy and telephony. We strongly recommend 
this book to the discriminating consideration of teachers.” 

By L. M. DENNIS, Professor of Inorganic : Chemistry i in Cornell University. (Being 


Gas Analy S1S. Second Edition of Hempel’s Methods of Gas Analysis.) Illustrated. Crown 8vo. 


Qs. net. 


General Chemistry Laboratory Manual. 


By J. C. BLAKE, Ph.D., Professor of Chemistry and Chemical Engineering, Agricultural and Mechanical College 
of Texas, 8vo. &s. net. 


Chemistry and its Relations to Daily Life. 


A Textbook for Students of Agriculture and Home Economics in Secondary Schools. By LOUIS KAHLENBERG 
and EDWIN B. HART, Illustrated. Crown 8vo. 5s. 6d. net. 


Principles and Practice of School Gardening. 


By ALEXANDER LOGAN, Head of Supplementary Department, Gordon Schools, Huntly. With 102 Illustrations 
and Coloured Frontispiece. Crown 8vo. 35. 6d. 
THE +JELD,.—‘‘ On the whole, we are disposed to recommend this as the best teachers’ book on school gardening that 


we have seen.” 


The Corn Crops. A Discussion of Maize, Kafirs, and 

Sorghums as grown in the United States and Canada. ,, 

E. G. MONTGOMERY, Protessor. of Farm Crops in the New York State College of Agriculture at Cornell University. 

Illustrated. Crown 8vo. 7s. net. [Rural Text-Book Series. 
MACMILLAN AND CO., LTD., LONDON. 
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PETROGRAPHY & PALAEONTOLOGY, 


New Collections of the Diamantiferous Rocks from the 
Diamond-fields of South Africa, containing the varieties of 
KIMBERLITE in their different state of weathering. Three different 
collections of 13, 9 and 6 specimens each. Price inclusive of the corre- 
sponding thin-sections... M. 53-—, 37-—; 24-— resp. 


New Collection of the typical Rocks of the PRIMARY Platinum 
Deposits of the Ural Mts., Russia; collected and described by Pro- 
fessor Dr. Dupare of Geneva. This very interesting and valuable 
ccllection consists of 13 large size specimens. Price of the collection 
inclusive of the corresponding thin-sections M. 120.— 

Jeautiful specimens of Alpine Rocks from the collection of Professor 
Dr. Heim of Ziirich ; most instructive for the demonstration of Dynamo- 
metamorphism. 

New Petrographical Term List No. 8 sent post free on application. 


Perfect skeletons, beautifully mounted, of Ursus spelaeus ; unusually 
large trunks of Elephas antiquus, several over 3 metres long ; splendid 
specimens of Mystriosaurus and Plesiosaurus from Holzmaden ; 
Cranium of Zeuglodon, Bison priscus, &c. 

New models of Ichthyosaurus with well-preserved skin, showing the 
whole figure of this reptile; the rare Dorygnathus, model of a most 
perfectly preserved specimen. 


Collections and single specimens of Minerals, Fossils, Meteorites, bought 


and exchanged. 
Dr. F. KRANTZ, 
RHENISH MINERAL OFFICE, BONN-ON-RHINE, GERMANY. 


ESTABLISHED 1833. 


ESTABLISHED 1833. 


ROCK SECTIONS FOR THE MICROSCOPE 


New List of over 600 well cut Rock and Mineral 
Sections now ready, post free from 


JAMES R. GREGORY CO., 
Mineralogists, G@c., 
189 FULHAM ROAD, SOUTH KENSINGTON, S.W. 


Telegrams: ‘* Meteorites, London.” Telephone : 2841 Western. 


LIVING SPECIMENS FOR 
THE MICROSCOPE, 


Volvox, Spirogyra, Desmids, Diatoms, Amceba, Arcella, Actinospherium, 
Vorticella, Stentor, Hydra, Floscularia, Stephanoceros, Melicerta, and many 
other specimens of Pond Life. Price 1s. per Tube, Post Free. Helix 
pomatia, Astacus, Amphioxus, Rana, Anodon, &c., for Dissection purposes. 


THOMAS BOLTON, 
25 BALSALL HEATH ROAD, BIRMINGHAM. 


MARINE BIOLOGICAL ASSOCIATION 
OF THE UNITED KINGDOM. 
THE LABORATORY, PLYMOUTH. 

The following animals can always be supplied, either living 

or preserved by the best methods :— 

Sycon; Clava, Obelia, Sertularia; Actinia, Tealia, Caryophbyllia, Alcy- 
onium; Hormiphora (preserved); Leptoplana; Lineus, Amphiporus, 
Nereis, Aphrodite, Arenicola, Lanice, Terebella; Lepas, Balanus, 
Gammarus, Ligia Mysis, Nebalia, Carcinus; Patella, Buccinum, Eledone, 
Pectens Bugula, Crisia, Pedicellina, Holothuria, Asterias, Echinus, 
Salpa (preserved), Scyllium, Raia, &c., &c. 

For prices and more detailed lists apply to 


Biological Laboratory, Plymouth. THE DIRECTOR. 
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WATKINS & DONCASTER. 


Naturalists and Manufacturers of 


CABINETS AND APPARATUS 


FOR COLLECTORS OF INSECTS, BIRDS' EGGS AND SKINS, 
MINERALS, PLANTS, &c. 
N.B.—For Excellence and Superiority of Cabinets and Apparatus 
references are permitted to distinguished patrons, Museums, Colleges, &c 
A LARGE STOCK OF INSECTS, BIRDS’ EGGS AND SKINS. 


SPECIALITY.—Objects for Nature Study, 
Drawing Classes, &c. 
Birds, Mammals, &e., Preserved and Mounted by First-class 
Workmen true to Nature. 
All Books and Publications (New and Second-hand) on Insects, 
Birds’ Eggs, &c., supplied. 


36 STRAND, LONDON, W.C. 


(Five Doors from Charing Cross.) 
FULL CATALOGUE POST FREE, 


Sales by #uction., 
STEVENS’ AUCTION ROOMS. EstpD. 1760. 


A Sale by Auction is held EVERY FRIDAY 
at 12.30, which affords first-class opportunities for the disposal or 
urchase of SCIENTIFIC AND ELECTRICAL APPARATUS, 
Wicsesccpes and Accessories, Surveying Instruments, Photographic 
Cameras and Lenses, Lathes and Tools, Cinematographs and Films, 
and Miscellaneous Property. 

Catalogues and terms for selling will be forwarded on application to 

Mr. J. STEVENS, 
38 KING STREET, COVENT GARDEN, LONDON, W.C. 


THE “SIRIUS” X-RAY TUBE, 
— Price 15/- 
Sole Maker, 
H. HELM, 
66 Hatton Carden, 
London. 
ACTUAL MAKER 
of all kinds of 
X-Ray and Vacuum 
Tubes, &c, 
LIST FREE. 


MINERALS, ROCKS, FOSSILS, APPARATUS, 
WIRELESS DETECTORS, AND MINERALS. 
KINDLY NOTE REMOVAL OF 


RUSSELL & SHAW, 
MINERALOGISTS, 
11 John Street, Theobald’s Road, 
— TO — 


38 GT. JAMES STREET, BEDFORD ROW, 


LONDON, W.C., 
Third door (left side) from Theobald’s Road. 


& 
Half-yearly (26 Numbers) os ~~ 0 14 6 
Quarterly (13 Numbers)... ass © 6 


NOTICE.—Advertisements and business letters for ‘‘Nature” should be addressed to the Publishers; Editorial Com- 
munications to the Editor. The telegraphic address of “* Nature” is ‘‘Phusis,”” London. Telephone—Gerrard, 8830. 
SUBSCRIPTIONS TO “NATURE.” 


To all Places Abroad :— 4 .& @ 
Half-yearly (26 Numbers) pe » 0 15 6 
Quarterly (13 Numbers)... 0 8 0 


(A charge of 6d. is made for changing Scotch and Irish Cheques.) 
Cloth Cases for binding “ Nature” are issued at 1s. 6d. each, and can be sent post free far 1s. 9d. 


First Two Lines in Columa ... - O09 3 6 
One Sixteenth Page, or Eighth Col. 0 10 0 | 
One Eighth Page, or Quarter Col... 018 6 | 


4 a 
One Sixth Page, or One Third Col. 1 7 0 
Quarter Page, or Half a Column .. 115 0 
Half a Page, or a Column ss w- & § @ 
Whole Page oe 6 60 


For the re-direction of replies to advts. a charge of 3d. per advt. is made. 
Cheques and Money Orders should be Crossed and made payable to MACMILLAN © CO., Limited. 
OFFICE: ST. MARTIN’S STREET, LONDON, W.C. 
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GAS ANALYSIS 
APPARATUS. 


(Manufactured at our works.) 
FOR 


CAS, ATMOSPHERES, 
MINE AIR, &c. 


At constant volume 
or 
constant pressure. 


Incorporating latest 
methods of 
absorption and 
combustion. 


Copy of interesting 
list will be sent on 
application to 


ALEXANDER WRIGHT & CO., 


LTD., 
WESTMINSTER. 


TTOWNSON & MERCER. 


(Established 1798), 
Manufacturers of Apparatus tor 


CHEMISTRY, PHYSICS, MECHANICS, 
BACTERIOLOGY, METALLURGY, 


and all Science Subjects. 


LABORATORIES FURNISHED AND COMPLETELY EQUIPPED, 
Apparatus for Students’ Use. 
Sole Agents in the United Kingdom for 
Becker’s Sons’, Rotterdam, Balances and Weights. 
Agents for the Glassware of Josef Kavalier and Schott & Gen. 
and Schleicher & Schiill’s Filter Papers. 


Contractors to the Home and Colonial Departments of H.M. Government, 
War Office, India Office, Imperial College of Science and Technology and 
the Universities and Principal Technical Institutions, County Councils, &c. 


34 Camomile Street, London, E.C. 


SCIENTIFIC INSTRUMENTS 


OF ALL DESCRIPTIONS. 


The “ HARRIS” 
SPECTROMETER. 


A cheap and reliable Instrument specially designed for 
Students’ use. 
Very strongly constructed so that it may be used by 
elementary pupils without being put out of order, 


PRICE £2: 10:0 Each Net. 
Descriptive Pamphlet on application. 


PHILIP HARRIS & ito. 


BIRMINGHAM 


(ENGLAND.) 


LOW PRESSURE 
SENSITIVE FLAME 


(LORD RAYLEIGH’S SYSTEM). 
Special Form designed by Prof. SILVANUS P. 
THOMPSON, and used by him at his Lectures on 
Sound at the Royal Institution. 


Complete with Rubber Tubing and Clip, &1 1 O net. 
Sole Makers :— 
A. GALLENKAMP & CO., LTD., 
19-21 Sun Street, Finsbury Square, London, E.C. 


Printed by Ricnarp Cray & Sons, Limrrep, at Brunswick Street, Stamford Street, S.E., and published b 
Co., 66 Fifth 


St. Martin's Street, London, W.C., and Tus MACMILLAN 


AND Co., at 
Avenue, New York.—Tuurspay, August 28, 1913. 
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